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LETTER TO THE SECRETARY. 



Denvbe, Colorado Tbeeitoey, 

October 15, 1869. 

Sm : In accordance with your instructions dated Washington, April 1, 
1869, 1 have the honor to transmit my prehminary field report of the 
United States geological survey of Colorado and New Mexico, con- 
ducted by me, under your direction, during the past season. A portion 
of your instructions is ae follows : 

" You win proceed to the field of your labors as soon as the necessary 
arrangements can ho made and the season will permit, and your attention 
will be especially directed to the geologicaJ, mineraJogical and agricul- 
tural resources of the Territories herein desi^ated ; you will be required 
to ascertain the age, order of succession, relative position, dip, and com- 
parative thickness of the different strata and geological tbrmations, 
and examine with care all the beds, veins, and other deposits, of ores, 
coals, clays, marls, peat, and other mineral substances, as well as the 
fossil remains of the different formations ; and you will also make full 
collections in geology, mineralogy, and paleontology, to Uluatrate your 
notes taken in the field." 

In accordance with the above instructions I proceeded to Cheyenne, 
Wyoming Territory, where my preparations and outfit were made, 

My assistants were selected as follows : 

1. James Stevenson, managing director and general assistant. 

2. Henry W. Elliott, artist. 

3. Eev. Cyrus Thomas, entomologist and botanist. 

i. Persifer Frazer, jr., mining engineer and metallurgist. 

5. E. C. Carrington, jr., zoologist. 

6, B. H, Cheever, jr., general assistant. 

Plve men were also employed, three of them as teamsters, one as 
laborer, and the other one as cook. 

As soon as my preparations were completed, my field labors com- 
menced, June 29, at Cheyenne. Limited somewhat as to time and means, 
I arranged my plans so as to cover as much ground as possible and secure 
the greatest amount of geological information. On the plains the 
geological struetnre is very simple, and fi^uently over large areas the 
basis rocks are concealed by superficial deposits. It seemed best, there- 
fore, to make my examinations southward along the eastern base of the 
Eocty Mountains for the purpose of studying the upheaved ridges, or 
" bog backs," as they are called in this country. These ridges afford 
peculiar facilities for working out the geological structure of the couutry. 
Indeed, they are like the pages of an open book upon which the geolo- 
gist can read what the Creator has written upon each formation known 
in the country from the granite mass that forms the nucleus of the 
loftiest mountain range to the most recent tertiary formation inclusive. 
Often in a little belt, from half a mile to four or five in width, one may 
travel over the upturned edges of neai-lyall the formations in the geolo- 
gical scale, and the opportunity was presented, in this way, for tracing 
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out their relations by studying the junction of the changed with the 
unchanged rocks. 

From Cheyenne to Denver we examined with some care the mines about 
the sources of the Cache i la Poudre Eiver and the ctial mines at South 
Boulder. From Denver we visited the silver mines at Georgetown, and 
the gold mines of Centa-al City, thence to the Middle Park, where we 
found much of interest geologically. We then returned to Denver and 
pursued our way southward, passed the " diride"' to Colorado City, Soda 
Springs, Canon City, Spanish Peaks, Eaton Hills, Fort Union, Mora 
Valley, Santa F^, Placiere Mountaius, &c. Along this route the 
scenery was grand beyond description. At Colorado City there is au 
area of about ten miles square that contains more material of geological 
interest than any othrar area of equal extent that I have seen la the 
west- 

The coal formation along the base of the mountains was studied with 
great interest. With these coal beds are associated valuable deposit-s 
of brown iron ore. The coal and iron deposits of the Eaton Hills extend 
from the Spanish Peaks to Maxwell's, and the supply of both is quite 
inexhaustible and of excellent quality. The fature influence of ttiese 
two important minerals at this locality, on the success of a Pacific rail- 
road, caunot be over-estimated. It is believed that the coal and u'on 
mines of the Eaton Hills will be of far more value to the country than 
all the mines of precious metals in that district 

The next locality for coal was at the Placiere Mountains. In one 
locality here, the coal has been changed into anthracite by the eruption 
of a basaltic dike, theigueous material of which had poured over tlie coal 
strata. Vast quantities of brown iron ore are associated with this coal, 
and magnetic iron ore is found in tbo gneissoid rocks of the mountain. 
The gold mines here are very rich and are now wrought upon a true 
scientific plan. 

From Santa F6 we proceeded up the Eio Grande through the San 
Luis Valley, Poncho Pass, Arkansas Valley, throngh the South Park to 
Denver again. We coul(J only give a glance at the salt springs and 
gold mines of the South Parkj but we gathered much valuable intbrma- 
tion in regard to this interesting region. To the geologist Colorado is 
almost encyclopedic in its character, contaiulug within its borders 
nearly every variety of geological formation. The portion of the 
countay examined by me this summer, comprises a belt about five hun- 
dred and fifty miles in length from north to south, and almost two 
hundred in width from east to west. 

The collections in all departments are very extensive and valuable, 
comprising geological specimens, fossils, minerals, plants, birds, quadru- ' 
peds, reptiles, and insects, all of which are to be arranged and classified 
in the museum of the Smithsonian Institution according to a law of Con- 
gress. 

My report, herewith transmitted, has been written under circum- 
stances of great pressure at odd moments, in traveling from point to 
point, or in camp after the labors of the day were completed, far away 
from books or any opportunities for careful elaboration. It may there- 
fore be regarded as little more than a transcript of my field-notes. 

Accompanying my own report will be found those of my assistants. 
Mr.Persifer Fra^er,jr., on the mining resources of the route passed over, 
and Mr. Cyrus Thomas on the agricultural resoun^es. I regard these 
reports as of great practical value to the country. 

I take this opportunity of tendering my thanks to all of my assistants 
for their cordial co-operation throughout the entire survey. The reports 
of Messrs. Thomas and Frazer will speak for themselves. Mr. Elliott, 
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the artist^ has labored ■witli untiring zeal, and has made more than four 
hundred outlines of sketches, and about seventy finished ones for the 
final reports. Each one of these sketches illustrates some thought or 
principle lu geology, and, if properly engraved, will be invaluable. My 
principal assistant, Mr. James Stevenson, who has been associated with 
me in my westem explorations for many years, has rendered me indis- 
pensable services throughout the entire trip. 

I beg permission to state here that my appropriation was so limited 
that had it not been for the kindness and generosity of the military 
authorities of the country, I could have accomitlished but a small 
portion of the work that I have performed during the present season, 
and I take this opportunity to say that the West is very largely indebted 
to them tor whatever benefit my labors have been or may bo to the 
country. 

Before leaving Wasliington, I made application by letter to General 
Sherman, commanding the armies of the United States, for such assist- 
ance from the military authorities of the West as could be afforded to 
me without manifest injury to the public service. On my letter of appli- 
cation, General Sherman placed the following indorsement : 

" This application is referred to the commanding officers of the depart- 
ments, districts, and posts, who will extend to Professor Hayden's party 
the usual courtesies, and the privilege of purchasing a limited quantity of 
provisions on the same terms as omeers." 

Similar indorsements were made by Generals Sheridan, Schofleld, and 
Augur. The greater part of my outfit was supplied to me by Colonel E. 
B. Carliug, United States army, depot quartermaster at Fort D. A. Eus- 
sell, Wyoming Territory ; and I cannot express too cordially ray grateful 
acknowledgments to him for his generous aid, not only for this season, 
but also for two previous campaigns. I am also under equal obligation 
to General WiUiam Myers, United States Ai-my, chief quartermaster 
department of the Platte, at Omaha, for invaluable aid in several past 
years. When we came in the vieinil^ of a military post, at Fort Union, 
Santa F^, or Fort Garland, we received all the aid we needed. 

I would also extend my grateful acknowledgments to the press and the 
citizens of Colorado and New Mexico, but more especially to Colorado 
for their cordial aid and sympathy in all my explorations. 

If my labors have added anything to the sum of human knowledge and 
the honor of our country, 1 shall be content. 

I remain very respectfully, your obedient servant, 

F. V. HAYDEN, 
United States Geologist. 

Hon. J. D. Cox, 

y of the Interior. 
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GEOLOGICAL REPORT. 



IKTEODTTCTION. 

In order that the relation of the different g'eological formations re- 
ferred to in this report may be more clearly understood, I have tliought 
it best to commence with the apper coal measures as exposed along the 
Missouri Eiver near Omaha and the month of the Platt«. 

Omaha, which is well known to be the eastern terminus of the tJniou 
Pacific railroEid, is built upon the northwestern rim of the coal meas- 
ures as seen along the Lower Missouii. These rocks occupy a consid- 
erable portion of the State south of the Platte Eiver, but north of tliat 
point they cover only a small portion of Sarpy and Douglas Counties. 
The last exposure of any importance is near the point decided upon as 
the location for the railroad bridge across the Missouri. The limestones 
at this point have been quarried for many years, bat the amount of 
labor required to remove the vast thickness of marl and drift above it, 
will diminish greatly the importance of this quarry. Near Florence 
these limestones are seen in tlie bottom of the river at very low water, 
and near l>e Soto, obscure exposures have been detected. From that 
point to the foot of the mountains these roclfs are not again seen. Along 
the Platte Eiver for about eight miles there are extensive quarries of 
limestone that are very nseful for building piirposes. Scattered over 
the surface of the country in the two counties of Douglas and Sarpy, are 
exposures of the rusty sandstone of the Dakota group ; and at the mouth 
of the Elkhom Eiver all traces of the coal measure rocks have disap- 
peared, and do not reappear again until we reach the very margin of 
the mountains, over five hundred miles to the westward, After leaving 
the mouth of the Elkhom very few exposures of rocks are seen for the 
next hundred miles, but there are enough to show that the underlying 
rocks are of cretaceous age. Near the mouth of Elkhom Eiver the 
sandstones of the Dakota group are seen, while on the distant hills 
traces of the yellow, chalky limestone, No. 3, occur. After reaching a 
point along the Platte about one hundred miles west of Omaha, the light, 
yellowish marls and sands of the White Eiver group overlap the older 
rocks and occupy thecountry to the very margins of the Eocky Mountains. 
But the most important formation, and one that has a more favorable 
infiuence on the State of Nebraska man any other, is of very recent date 
in geological history. In the valley of the Missouri Eiver, extending 
tip nearly to Fort Pierre, and also to the mouth of the Missouri, and 
probably southward to the valley of Mexico, is a deposit of yellow marl 
varying in thickness from a few feet to several hundred. It has been called 
" the bluff formation," for it constitutes the picturesque bluffs or high hills 
which form the most conspicuous features in the scenery along the Mis- 
Bonri Eiver, This yellow marl also enters largely into the composition 
of the soil of the vast bottom lands of the river which are so justly cel- 
ebrated for their fertility. It is, however, in the immediate proximity 
to the water-courses that this yellow marl deposit is the thickest, and it 
gradually diminishes in depth a? we recede fi:om them ; still, it is to this 
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deposit that a very large portion of the West is indebted for its unsur- 
passed fertility and productiveness. It covers the country with such 
aniformity that it conceals almost entirely the basis rocks from view. 
Underlying this marl is a considerable deposit of drift material, as 
rounded pebbles, or boulders and coarse sand, often presenting the most 
singular Ulusferatioos of obUque layers of deposit. The marl is usually 
quite homogeneous in its composition, and almost or entirely destitute 
of stratification, and the materials seemed to have been deposited in 
very quiet, waters, and to have settled to the bottom of a fresh-water 
lake hke gently-falling enow. The drift materials, as a rule, exhibit the 
irregular laminte as if they had been deposited by currents of water. 
The exceedingly great importance of this yellow marl deposit is not yet 
well understood or appreciated, but it seems to me that the wonderful 
fertility of the soil of the western States and Territories, and its perma- 
nent productiveness for all time to come, is due to it. 

The eastern portion of Nebraska is already quite thickly settled, and 
is susceptible of cultivation, but the western part must be inhabited, if 
settled at all, by a pastoral people. * 

These broad, level prairies are covered with a thick growth of short, 
nutritious grass, but the scarcity of water for the purpose of irrigation, 
and the almost entire absence of forest trees, must ever prevent settle- 
ments to any great extent. In the autumn nearly all the smaller streams 
dry up entirely, and several seasons the Platte has been known to be- 
come so low as to have no continuous current. It is a peculiar feature 
of these western streams, at times to be larger toward their sources than 
at tlieir mouths. The Platte in its various branches always has an 
abundant supply of water, as their heads issue from the mountain sides, 
but in traversing the plains there are few or no springs or branches en- 
tering into it, or the water is entirely absorbed by the arid earth or thirsty 
air, until the bed becomes as dry as the dusty road. Hence all over the 
Eocky Mountain regions in the autumn are what are called diy creeks, 
■with beds which, when full in the spring time, form large rivers. 

The Platte Eiver flows, for a distance of over four hundred miles, 
through the southern portion of what I have termed the White Eiver 
tertiary basin, in contradistinction to tlie great lignite tertiary basin. 
The former has been separated into two formations, the White Eiver 
group and the Loup Eiver beds, on account of the organic remains char- 
acterizing each. The twoformer are entirelydistine^notaspecies pass- 
ing from one to the other. I have supposed hitherto that the Platte 
Ei^er flowed through strata belonging to the Loup Eiver group. They 
are certainly of quite recent age, but the pliocene remains that I col- 
lected on the Hiobrara Eiver came from loose gray sands which rested 
with a certain kind of unconformability on the eroded surface of the 
White Eiver group. It is plain also that the valleys of the more import- 
ant streams have been worn out, to some extent, prior to the deposition 
of the pliocene sands. 

In the valley of the Niobrara and Loup Fork the pliocene sands are 
quite thick, and the line of separation between them and the White Eiver 
group is very irregular, whUe on the hills the sands occur in many places, 
on and in, isolated hills. 

The details of the geology of this most interesting region still remain 
to be worked out, and its geographical extent will be found to be much 
larger than has hitherto been supposed. The soil composed of the ero- 
ded materials of this basin is of moderate fertility, but owing to a want 
of water cannot be cultivated to any great extent. The greater portion 
of the surfece underlaid by these beds is covered with a flue growth of 
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grass which is especially fidapted to the raising of sheep, and I am glad 
to see that some enterprising persons are maldng the experiment. The 
healthfulness of the climate, the nutritious character of the short grass, 
and the dryness of the ground, not (infrequently covered with small 
pehbles, must act favorably on sheep. 

That portion of Wyoming east of the Laramie range, and south of the 
line of the Union Pacilic railroad, is entirely covered with the upper 
beds of the White River tertiary basin. The valley of Lodge Pole, Crow 
Creek, and Ohugwater, show the formations of this basin very distinctly 
from mouth to source. The Union Pacific railroad ascends the eastern 
slope of the Laramie range on a sort of bench of this formation, which 
seems to be unusually developed, and to extend without much interrup- 
tion up to the very margin of the mountains, sometimes concealing all 
the rocks of intermediate age and resting on the syenites. 

About twenty miles south of Cheyenne these beds disappear entirely 
along the eastern flanks of the mountains, and the lignite tertiary beds 
are exposed to view. 



FHOM CHEYENNE TO DENVER. 

I commenced my labors at Cheyenne, Wyoming Territory, and pro- 
ceeded southward along the eastern flanks of the Rocky Mountains. 
My preliminary report will be little more than a transcript of my journal 
from day to day. It wUl be, therefore, impossible to systematize it as I 
would wish, or avoid in many cases repetition. There is great miiformity 
in the geology of the country, and when one has become familiar with the 
different geological formations over a small area, he can trace them with 
great rapidity over long distances. This will account, in part, for the 
large extent of country which I have been able to examine in a single 
season. The geological formations immediately underlying Cheyenne 
are of tertiary age. probably pliocene or very late miocene. The beds 
have been slightly disturbed by the upheaval of the mountain rangej but 
their position in relation to the older tertiary beds shows their deposition 
to have been of late dat«. They are found deposited in the valleys and 
sometimes high on the mountain sides, and it is very seldom that they dip 
at an angle of more than five degrees. These beds can be traced far north- 
ward to the Black Hills of Dakota, a distance of three hundred and fifty 
miles, and they are thus shown probably tobe the upperbedsormost re- 
cent formation of the White Biver tertiary. Alongthe base of the moun- 
tains the rocks are mostly pudding-stone, or an aggregate of small water- 
wont pebbles, mostly very small, but sometimes several inches in diame- 
ter. These pebbles grow smaller and fewer in quantity as we recede 
from the mountains until they entirely disappear, and fine sand or marl 
takes their place. iSTear Cheyenne there is a bed of fresh-water liine- 
stone which is much used as lime, and seems to answer an excellent pur- 
pose in mason work and for whitewashing, and I have no doubt that 
such beds or layers occur in this basin everywhere. Along the line of 
the Union Pacific railroad, just before reaching Granite Canon, a bed 
of the most excellent limestone crops out, on the margin of the range, of 
carboniferous age. This is burned into lime of snowj- whiteness and is 
a great favorite with masons. It contains some fossils of weU known 
carboniferous forms, as Athyru anbtiUta, Froductvs pratteniana, and 
criaoidal fragments. The red sandstones are exposed in a narrow belt 
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along the margius of the motmtams, bnt all rocks of more recent date 
are concealed by the tertiary deposits. In order that I may make my 
description of the different formations in ttteir sontbern extension more 
clearly understood, I ■wiil describe them in as brief a manner aa pos- 
sible, as liiey have been studied in the regions to the northward. 

The granites and metamorphic rocks do not differ in many respects from 
those ■which form the nucleus oi the mountain ranges generally. Beddisb 
and gmy granites Ibrm the central portions, and on the sides is a series of 
stratified metamorphic rocks of a great variety of structure and com- 
position. At the north the igneous rocks do not seem to predominate 
in the eastern ranges, but as we proceed southward toward New Mexico 
they increase in extent and force. ■ 

The Potsdam sandstone is the only member of the silurian-thatlhave 
ever observed along the margins of the mountains. It was first dis- 
covered west of the Missouri Biver in the summer of 1857, during the 
exploration of the Black Hills of Dakota, by a United States expedi- 
tion under the command of General G. K. Warren, United States Army, 
and it has been observed in several other localities since that time. 

The following section of the Potsdam sandstone in its relation to the 
carboniferous beds, as observed by me around the margins of the Black 
Hills, shows the typical characters of each, where they are weU exposed 
and have been clearly identified by organic remains : 

1. Hard, compact, flne-grained, yellowish limestone of an excellent 
quality; passing down into a yellow calcareous sandstone, quite friable. 
Fossils : Eliyneonella rocky-montana, Atkyris subtilita, Cyrtoceras, <fec. — 
50 feet. 

2. Loose layers of very hard yellow areuaceous limestone with a red- 
dish tinge, underlaid by abed, six or eight feet in thickness, of a very hard 
blue limestone. The whole contains great quantities of broken crinoi- 
dal remains with cyathopylloid corals and several species of brachio- 
poda — 40 feet 

3. Variegated sandstone of a gray and ferruginous reddish color, com- 
posed chietiy of grains of quartz and particles of mica, cemented with 
calcareous matter:. Some portions of the bed are very hard, compact, 
siliceous; others a coarse friable grit; others conglomerate. Fossils: 
Lmffula prima, L. antiqua, Obolelia nana, and Arionellus oweni — 50 feet. 

i. Stratified metamorphic rocks in a vertical position for the most part. 

Kocks about the same as those above described, sometimes very much 
thicker and sometimes thinner, have been seen, more or less, all along the 
margin of the Ilocky Mountains, on both sides the main axis from the 
north line to Cheyenne, 

About the sources of the Missouri Eiver, along the flanks of the Big 
Horn and Wind River Mountains, these rocks are particularly devel- 
oped. Now and then they aU disappearfor a'considerable distance, and 
then, at the first favorable opportunity, reappear from beneath beds of 
more recent date. A series of acenaceous beds, which we have called 
the "red arenaceous deposits, or triassic," form one of the most, Con- 
spicuous features of the geology along the flanks of both sides of the 
principle ranges of mountains and are almost always present. They 
wore first observed by me, forming a narrow belt or girdle around the 
granite nucleus of the Black HOls of Dakota, in the summer of 1857. 
These rocks are sometimes calledsaliferous or gypsum-bearing beds^from 
the fact that they contain both salt and gypsum, the latter mineral 
oftentimes in great quantities. . There are also mingled with these beds 
several layers of bluish siliceous limestone, which at the far north at- 
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tain a considerable tliickness, but southward thin out to a few feet, or 
are entirely concealed by the debris which everywhere prevails. 

These red beds, when they make their appearance, often give the most 
unique and remarkable features to the scenery, and any development of 
them, however smaJl, never fails to attract eveu the commonest observer 
on account of their brick red appearance. Ko well-authenticated fossils 
have ever been found in them, yet they are regarded as of triassic age 
by the common consent of geologists. I am inclined to believe that a 
portion of the upper light-red beds, with the included layers of flinty 
limestone, are Jurassic, but I have never been able to find any weU de- 
fined line of sepai'ation between what are well known to be Jurassic and 
the supposed tiiassic beds. 

Eesting abovethese red beds is a Series of marls and arenaceous marls 
of a light or ashen gray color, with harder layers of limestone or fine 
sandstone, which were also first discovered around the margin of the 
Black Hills of Dakota in 1857. Since the discovery in the Black Hills, 
Jurassic fossils have been fouud over a very wide geographical area, and 
yet I have never seen them so well developed, or the peculiar fossils so 
abundant, as at the locality where they were first observed. Although 
I have traced this Jurassic belt by its organic remains over many hun- 
dreds of miles, I have been able to discover scarcely a well-defined 
Jurassic fossil south of Deer Creek, a point one hundred miles north of 
Fort Laramie, or south of the Lake Conio, on the Union Pacific railroad. 

I believe that a thin remnant of this belt extends far south to New 
Mexico, but it is often so obscured, or so easily concealed, that I have been 
continually in doubt in regard to its existence. Coextensive with all 
the mountain ranges is a large series of beds above the Jurassic belt 
which belong to the cretaceous period, the upper and middle portions of 
which are everywhere indicated by characteristic fossil lemBins, as seen 
on the Missouri River, where they were first studied by Mr. F. B, Meek 
and the writer. The crefeiceous rocks present five well-marked divisions, 
Nos. 1, 2, 3, 4, and 5, or Dakota group. Port Benton group, Niobrara 
division, Port Pierre group, and Fox Hill beds. On the Lower Missouri 
No, 1, or Dakota group, is characterized by several species of marine 
shells and a profusion of impressions of deciduous leaves; but along the 
margins of the mountain elevations 1 have never been able to discover 
a single specimen of organic remains that would establish the age of the 
rocks. I only know that there is a series of beds of remarkable peraist- 
ency aU along the margin of the mountain ranges, holding a position 
between well-deflned cretaceous No. 2 and Jurassic beds, and in my pre- 
vious reports I have carlled them transition beds, or No, 1. They consist 
of a series of layers of yellow and gray, more or less fine-grained sand- 
stones and pudding-stones, with some intercalated layers of arenaceous 
clays. Li almost all cases there is associated with these beds a thin series 
of carbonaceous clays, which sometimes becomes impure coal, and con- 
tains masses of silicified wood, &ic. On the west side of the Black Hills 
they assume a singularly massive appearance, nearly horizontal, t;*o 
hundred to two hundred and fifty feet thick, and are called Fortification 
Eocks. Here also occurs a thin bed of carbonaceous clay. On the east- 
em slope of the Big Horn Mountains I observed this same series of beds 
in the summer of 1859, holding a position between cretaceous No. 2 and 
the Jurassic marls, with a considerable thickness of earthy lignite, large 
quantities of petrified wood, and numerous large uncharacteristic bones, 
which Dr. Leidy regarded as belonging to some huge saurian. 

There are very ttew points of resemblance between these beds and 
those which form the Dakota group, as seen in Kansas and Nebraska. 
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All the evidence therefore that I have had to guide me in regard to 
these beds along the margiii of the mountain ranges has been their 
position. 

No. 2, on the Missouri Eiver, is composed of very black plastic clays, 
with some thin layers of limestoue and sandstone, and is quite well sepa- 
rated from No. 1 below and So. 3 above. No. 3 is composed of massive 
layers of chalky limestone, always containing Inoceramus problematicus 
and Ostrea congesta. 

Along the Kansas Pacific raih-oad, at Hayes City and Port Wallace, 
No. 3 occurs iu such massive layers that it is sawed into building blocks 
with a common saw. No. 4 is a dark ashen steel-colored laminated clay, 
with bluish calcareous concretions filled with shells. No. 6 is a yellow- 
ish ferruginous arenaceous clay, with the greatest abundance of mollus- 
cous fossils. At various localities all along the margin of the mountain 
ranges these divisions of the cretaceous are far less distinctly separated, 
and vary more or less in their structure and composition, and yet in 
tracing them carefully and continuously from the Missouri Eiver they 
always retain enough of their typical character, so that I have never 
been at a loss to detect their presence at once, although after leaving 
the Missouri Eiver we do not iind any well-defined lines of separation, 
either llthologieally or paleontologically. 

With the commencement of the tertiary was ushered in the dawn of 
the great lake period of the West. The evidence seems to point to the 
conclusion that &om the dawn of the tertiary period, even up to the 
commencement of the present, there was a continuous series of fresh- 
water lakes all over the continent west of the Mississippi Eiver. As- 
suming the position that all the physical changes were slow, progressive, 
and long-continued, and that the earlier sediments of the tertiary were 
marine, then brackish, then purely fresh water, we have through them 
a, portion of the consecutive history of the growth of the western conti- 
nent, step by step, up to the present time. The earliest of these great 
lakes marked the commencement of the tertiary period, and seems to 
have covered a very large portion of the American continent west of 
the Mississippi, from the Arctic Sea to the Isthmus of Darien. 

As I have before stated, the first sediments were marine, then came 
brackish water, and soon purely fresh water, as is plainly indicated by 
the organic remains. The lower beds of the gi'eat lignite basin every- 
where contain layers, varying from a few inches to two feet in thick- 
ness, made up almost entirely of oyster shells, with a few other species 
of marine or estuary types. No exclusively marine forms have as yet 
been found to my knowledge, but as we ascend in the beds aU traces of 
the salt sea disappear, andagreatproiiision of fresh-waterandland shells 
appear, with vast quantities of the impressions of leaves of deciduous 
trees. Numerous beds of coal, varying in thickness from a few inches 
to fifteen or twenty feet, characterize this deposit. 

About the middle of the terthiry period the second extensive lake 
commenced iu the West, which we have called the White Eiver tertiary 
basin. We believe that it commenced its growth near the southeastern 
base of the Black Hdls, and gradually enlarged its borders. I am in- 
clined to think that this lake has continued on, almost or quite up to the 
commencement of the present period ; that the light colored arenaceous 
and marly deposits iu the Park of the Upper Arkansas, in the Middle 
Park, among the mountains at the source of the Missouri Eiver, in Texas 
and California, and Utah, are all later poi-tions of this great lake. The 
upper mioccue or pliocene deposits in the Wind Eiver Valley, near Fort 
Bridger, and on the divide between the Platte and the Arkansas Eivei's, 
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■were undoubtedly synchronoma, though perhaps not connected with this 
great haein. Every year, aa the limits of my explorations are extended 
in any directioo, I find evidences of what appear to be separate lake 
basins, covering greater or less areas, and bearing intrinsic proof, more 
or less conclusive, of the time of their existence. I have given in this 
place the above brief description of the various geological formations 
asl have studied them in the West, in orderthat my subsequent remarks 
on these formations in their sontnem extension may be more clearly 
understood. Constant reference will be made to rocks as they have 
been seen in the f^r North and West, in order that the story of their 
geological extension may be linked together. 

June 29, 1869.— licft Fort D. A. Enssell about 10 o'clock in the morn- 
ing with my entire party, consisting of twelve persons and eighteen 
mules and horses, with two large covered wagons and an ambulance. 
By the kindness of Colonel E. B. Oarling, the depot quartermaster, at 
Fort D. A. Bussell, 1 was provided with everything needful for inde- 
pendent camp life, and I at once commenced my explorations in earnest. 

We traveled to-day thirteen miles southward from Fort> Russell. Our 
entire route was over the more recent beds of the White Eiver tertiary 
basin. The lowest bed exposed by the cuts in the streams, is a thick layer 
of tlesh-colQred indurated marl, much like that containing so many ver- 
tebrate fossils on White Eiver, Dakota. It contains some thin layers of 
very flue gritty rock. Overlying this is a thick bed which appears more 
recent, yet apparently conforms to the marl beds below. It is composed 
of water-worn pebbleaof various sizes, forming a real pudding-stone. 
Near the margins of the mountains this bed gives the characteristic 
features to the scenery, as it iscutthi-ough by the myriad small streams 
that issue from the mountain side. It is at least three or four feet in thick- 
ness. Most of the 'pebbles are from the granite rocks that form the cen- 
tral portions of the Laramie range. The beds all dip from the mountains 
eastward at a moderate angle, and it is evident that this entire forma- 
tion was deposited after the mountain ranges had nearly reached their , 
present height The strata seldom dip at an angle of over 5° and rest 
unconformably on the older beds when they are seen in apposition. 
Near the junction of the metamorphic rocks with these modern pud- 
ding-stones the pebbles or bowlders are not much worn, and of mode- 
rate size, six to twelve inches in diameter, but the sediments grow finer 
and finer as we recede from the ibot of the mountains until the pudding- 
stones pass into a finegrained whitish sandstone. We can see, therefore, 
that these deposits formed the proper rim of the fresh-water lake, that 
the sediments were derived from the erosion of the feldspathie granites, 
and that the forces that were in operation acted from the direction of 
the mountain ranges. 

There are also vast quantities of drift material which 1 regard as local- 
It seems to me that the evidence is clear that all this modern drift-action 
had its origin in tlie mountain ranges in the immediate vicinity; thatiu 
earlier times the snow and ice gathered on the summits in vastly greater 
quantities, and that in melting, from year to year, in the form of water 
and ice, they brought along vast quantities of rocks from the mountains 
and distributed them over the surface. 

The waters, with the masses of ice, would naturally follow the chan- 
nels of the streams if they had been marked "out, or they would mark out 
new channels, for nearly or quite all the valleys that extend down from 
the mountains become shallower, the further they extend eastward from 
the flanks of the range. This superficiEd deposit at the very margins of 
the mountains is composed of very coarse materials, sometimes immense 
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masses of granite of all binds, biit slightly worn : but proceeding from 
the base of the mountains, the rocks become smaller aud more rounded 
until they pass into small pebbles, mingled withloose sand. 

The phenomena of erosion, as seea at the present time, all along the 
flanks of the mountains, in the plains, in the channels of streams, point 
clearly to a vastly greater quantity and force of water than exist any- 
where at the present time. 

The surface of the country along the base of the mountains is ex- 
tremely undulating— worn into hill, vallev, ridge, or rounded buttes. 
The strata in these ridges and MUs show that the entire surface was 
much higher than it is afc present, and that these ridges and buttes are 
only remnants of beds left after the erosion, and how great a thickness of 
strata was originally deposited above these remnants, and is now en- 
tirely swept away, it is impossible to determine, though we believe it 
was very great. 

Now, on these hills are the greatest numbers of large, rounded stones, 
of all kmds, granite and sedimentary, as if they had been left there by 
the melting masses of ice which had lodged on the hills. These stones 
9ie also accumulated in long lines or belts, as if they had been driven by 
currents so as to form shore Uues, or lodged-in eddies. The evidence is 
dear tiiat great bodies of water, in which were probably mingled masses 
of ice, swept over the plain country within a comparatively recent 
geological period. 

Opposite Camp CarUng, in the bluffs of Crow Creek, a good thickness 
of drift IS seen filling up the irregular surface of the modern tertiary 
beds, so that we have evidence of quite extensive erosion of the surface 
prior to the deposition of this drift. 

Along all the main watercourses are high ridges showing the rocky 
strata perfectly. A little lower is a second ridge, mostly grassed over, 
but more or less parallel with the higher ridge ; then we have a gradu- 
ated series of terraces, from one to three, extending down to the water's 
edge. This description applies to all the main water-courses along the 
base of the mountains, whether there is running water in them at this 
time or not ; and they all seem to give evidence that they once contained 
far more water than at present. This configuration of the surface aids 
much in giving a sort of picturesque appearance to the plains, inasmuch 
as we cross these undulations at right angles in traveling north to 
south. 

The soil in the valleys of the streams is rich enough, and when it can 
be irrigated, will produce good crops ; and not until the farmers and 
stock-growers begin to settle about Cheyenne will it have a permanent 
and substantial growth. 

June 30. The distance from Cheyenne to Laporte, on the Cache la 
Poudre, is forty miles. The tertiary pudding-stone heds extend along 
the immediate flanks of the mountains for twenty-five miles, but disap- 
pear from the plains within ten or fifteen miles of Laporte. 

I have estimated their entire thickness here at from twelve hundred 
to fifteen hundred feet. The high hills near the station are capped with 
coarse sandstone, with horizontal strata, and are eight hundred feet 
above the bed of the creek that flows near thiiir base. From beneatb 
these recent beds arise the more sombre-hued beds of the lignite tertiary. 
We have then broad grassy plains, dotted here and there with buttes 
bke truncated cones, and long narrow belts of table-lands, with perfectly 
plain surfaces to the eye, from a distance. Why these more modern 
tertiary beds are so persistent along the immediate sides of the moun- 
tam, but have been entirely swept away ten miles to the eastward, I can- ' 
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not tell. This narrow belt, aljont ten or fifteen miles wide, extending up 
to the granite racks, and for the most part concealing all the intermedi- 
ate rocka, forms a sort of bench, with a gently ascending grade for the 
Union Pacific railroad. 

Either above or belew this bench the ascent to the mountains would 
have been very difficult, eximnsive, and perhaps impossible. 

About twenty miles south of Cheyenne a bed of coal has been opened 
and wrought to some extent. The outcropping revealed a bed of im- 
pure coal four feet eight inches thick, mth an inclination 12° east. 
The coal became more valuable as it was worked further into the earth; 
and by following the dii'ection of the dip, the coal was found to be Ave 
feet four inches tliick. In nearly all instances coal beils increase in 
thickness, rather than diminish, the further they are explored. The 
whole plain country is covered with such a thickness of superficial drift 
that it is nest to imi)0S3ible to obtain a connected section of the under- 
lying rocks. Sometimes a stream will cut so deep that a portion of 
them is exposed, and by following it a great distance,the order of super- 
position may be obtained with some degree of correctness. 

A section across the upturned edges of the strata, from the direction 
of the mountains eastward, is as follows : 

7. Drab clay passing up into areno-calcareous grits composed of an 
aggregation of oyster-shells, Ostrea subtriffonalis, 

6. Lignite— 5 to C feet. 

6. Drab clay — 4 to C feet. 

4. Beddish, rusty sandstone, in thin laminse — 20 feet. 

3. Drab arenaceous clay, indurated — 25 feet. 

2, Massive sandstone — 50 feet. 

1. No. 5, cretaceous apparently passing up into a yellowish sandstone. 

The summits of the hills near this bed of coal are covered with loose 
oyster sliells, and a stratum four feet thick, or more, is composed of an 
aggregation of them. This species seems to be identical with the one 
found in a similar geological position in the lower lignite beds of the 
Up])er Missouri, near Fort Clark; also at the mouth of the Judith, and 
at South Boulder, and doubtless was an inhabitant of the brackish 
waters which must have existed about the dawn of the tertiary period 
in the west. It would seem, that in these lower coal beds the molluscous 
life was almost entirely confined to this genus, (from three to five species 
having already been discovered.) Sear Medicine Bow Creek there is a 
thin seam of oyster shells, quite minute, and at Point of Eocks, on the 
Union Pacific railroad, above several beds of coal, there is a layer two 
feet or more in thickness, made up of the sheila of a fine large species, 
about the size of our common edible oyster. 

On the Upper Missouri a gi-eat variety of well-known fresh-water 
types of shells are found in the strata connected with the coal, especially 
toward the middle portion. But southward I have never met with any 
other shells than oysters, in direct connection with the coal beds. 

During the summer of 18591 traced this lignite formation uninter- 
uptedly from the Upper Missouri Valley to a point on the North Platte, 
about eighty miles northwest of Fort Laramie, It is there overlapped 
by the modem tertiary deposits pre^'iously described, but reappears 
(about twenty miles south of Cheyenne, and extends with some inter- 
ruptions far southward into New Mexico. During the summer of 1868 
I traced these coal beds, on the other side of the mountains, westward 
nearly to Salt Lake City; and in the Middle and South Parks there are 
quite extensive developments of them. 

I make these remarks as confirmatory of a statement which I made 
2gs 
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in an article in SiUiman's Journal, March, 1868, "that all the lignite 
tertiary beds of the west are but fragments of one great basin interrupted 
here and there by the upheaval of mountain eliauis, or concealed by the 
deposition of newer formations." 

As soon as the lignite beds reappear southward the aspect of the 
country changes. The distant hills that flant the mountains on the 
right are still the pebbly conglomerate beds. And in the valleys of the 
little streams, about four miles south of Spotswood Springs, are several 
exposures of beds which are undoubtedly older tertiary. There is here 
shown a deep yellow arenaceous indurated clay layer, passing down into 
an ashen-brown grit, with rusty yellow concretions. AU over the hills 
are scattered the greatest number of water- worn boulders. The lignite 
strata incline in the same direction as those of the more moderu deposits. 
The dip of the former is about five degrees to ten degrees, the latter one 
degree to three degrees e:ist, &oni the mountains. There are many 
other localities where tbe evidence of iion-contbrmity of the two deposits 
is perfectly clear. 

A little further eastward on the Drj' Creek the ridge is capped with 
gray, loosely laminated sandstone; while in the indurated arenaceous 
bed below are beds of massive rusty sandstone, the same as those that 
compose the natural fortifications about thirteen miles southwest of 
Cheyenne. The ridge exteilds far eastwai'd into the plain, with the beds 
nearly horizontal. 

Near a high conical butte a little further southward we find the lig- 
nite t«ds dipping 85° with a strike neai'ly north and south. And in the 
south and southwest we can see the upturned ridges of cretaceous and 
older sedimentary formations composing the flanks of the mountains. 
The modern tertiary and the superficial drift deposits have been no re- 
moved from the mountain side — about ten or fifteen miles noitih of 
Cache la Poudre — that all the ulichangkl sedimentary rocks iti this 
region are revealed in the form of inclined ridges, which gradually die 
out in the plains eastward Like sea waves. 

A bed of the laminated chalky marl'of No. 3 with Ostrea con^/cvta aitd 
Inoceramus probUmaticits is particularly noticeable. In the lignite beds 
harder layers of rusty sandstone, with loosely laminated arenaceous 
clay, and the softer materials are worn away by erosion, leaving the 
harder rocky layers projecting above the surface in long lines hke walls. 

Neat Pack station, about hrelve miles north of Cache la Pondre, the 
upheaved ridges begin to spread out, revealing very clearly to the 
scrutiny of the geologist all the sedimentary rocks, to the tertiary in- 
clusive. Commencing in the plains about ten miles east of the margin 
of the mountains we llnd a series of gently iuelined tertiary sandstones, 
dipping &om 5° to 10°. Then come the complete series of cretaceous 
strata in their order, inclining from 20° to 35°. Underneath the ridge 
capped with the sandstone No. 1 is a thin belt of ashen-gray mai'ls and 
arenaceous marls, with one or two layers, two to four feet thick, of hard 
blue limestone, which I regard as of jui'assic age. These pass down 
into light reddish, loose arenaceous sediments. Further toward the 
mountains, come one to tiiree ridges of brick-red sandstone, and loose 
red sandy layers, sometimes variegated. Close to the margin of the 
mountains, sometimes forming the inside ridge, is a bed of whitish lime- 
stone, underhiid by duU purplish sandstone and pudding-stones, which 
are probably of carboniferous age. These beds dip at various angles, 
from 30° to 60°, and, as far as 1 can determine, conform generally to 
the inclination of the raetamorphic rocks which compose the mountain 
nucleus. 
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The opening in the foot-hills of the mountains through which Bos 

Elder Creek flows exhibits the red beds and Jurassic in fall development. 
Tho whitish-gray sandstones, which lie between the red beds and the 
well-marked cretaceous strata, contribute much toward giving shai'p- 
ness of outline to the hills, and the broken masses of rock from this bed 
are scattered over their sides. 

The valley of the Box Elder is very beautiful, and, like the valleys of 
most of the little streams here, makes its way through the ridges and 
flanks of the mountains, nearly at right angles to the trend of the strata. 

All these ridges, or "nog-backs," as they' are called by the settlers of 
the country, vary much in the angle of dip. It not nnfrequently occurs 
that the outer and more recent ridges incline at a very high angle, or 
stand nearly vertical; and there are many examples where they have 
been tipped several degrees past verticality ; while the inner sandstone 
ridges, lying almost against the metamorphic rocks, incline at a small 
angle or are nearly horizontal; and agaia this maybe reversed. These 
mountain \'alley8 are not only beautiful, but they are covered with ex- 
cellent grass, making the finest pasture grounds for stock in the world. 
The animals are so sheltered by the lofty rock- walls on each side that 
they remain all winter in good condition without any farther provision 
for them. 

The Box Elder separates into two branches in the foot-hills, and be- 
tween the forks there is a lai'ge circular cone with nearly horizontal 
strata of the red beds, A section, ascending, would be as follows : 

1. Brick-red sandstone with irregulaf laminEe and all the usual signs 
of currents or shallow water. Some of the layers are more loosely lami- 
nated than others, thus causing projecting portions — 300 to 400 feet. 

2. The red sandstone passes up into a yellow or i^eddish-yeilow sand- 
stone, massive — 60 feet. 

3. Passing up into a bed of grayish yellow rather massive sandstone — 
60 feet. 

4. Ashen-brown nodular or indurated clay, with deep, dull purple 
bands ; with some layers of brown and yellow flne-graiued sandstone, 
undoubtedly the usual Jurassic beds with all the lithological characters 
as seen near Lake Como, on the Union Pacific raibroad — 150 to 200 feet. 

Near the base of these beds are thin layers of a fine grained grayish 
calcareous sandstone, with a species of Ostrea and fragroents of Fenta- 
cHnus asteriscm. Scattered through this bed ai'e layers or nodules of 
impure limestone. 

6. Above this marly clay there is at least two hundred feet of sand- 
stone and laminated arenaceous material, varying in color from a dirty 
brown to grayish white, with layers of fine, grayish-white standstoue. 

I do not hesitate to regard the beds described as 4 and 5 as of Jurassic 
age, and they are better shown here than at auy other point between 
Fort Laramie and the south line of Colorado on the eastern slope of the 
Rocky Mountains. Usually tb© most abundant and most characteristic 
fossil in the Jurassic beds, when exposed, is Jlelenmites densus, but that 
has not been observed south of Lake Como, west of the Laramie range. 
As we proceed southward tbese Jurassic beds become thinner and more 
obsciu^e, so that it often becomes a matter of doubt whether they exist 
at all. 

We have, also, ia this vicinity an illustration of the difference of in- 
clination in the same series of upheaved ridges. In the plains some of 
the lower lignite tertiarj' beds and cretaceous Ho. 5 stand nearly ver- 
tical, or 85° east. No. 4 fills the intervening valley with its dark shale, 
and the next ridge west — cretaceous No. 3— inclines 36*^. Then, come 
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the Jurassic beds capped with the sandstones of No, 1, inclining 8'^. 
Then conies a series of red beds dipping 1° to 3°. The inner ridge, or 
"hog-back," is the largest of all — one hundred and flity to two hundred 
feet high — is partly covered on the east, or sloping side, with the loose 
red sand of the triassic : and on the west or abrupt side, ia revealed a 
considerable thickness ox limestone, which I suppose to be of carbonif- 
erons age. This ridge is remarkably furrowed on the eastern slope by 
streams, but is too high xip on the mountain side to be divided by the 
currents into the peculiar conical fragmentSj as the lower ridges are. 
And hence it presents an almost unbroken flank for miles. There is 
no better exhibition of the sedimentary rocks, with all their peculiar 
characteristics and Irregularities, than from the head of Box Elder Creek 
to Cache ^ la Poudre, where the belt of upheaved sedimentary rocks 
varies from five to fifteen miles in width. So one could stand on the 
summit of one of these ridges and turn his eye westward over the 
series, rising like steps to the mountain summit, and then looking 
eastward across the broad level plain where the smaller ridges die out 
in the prairies, like waves of the sea, without arriving at once to a clear 
conception of the plan of the elevation of the Rocky Mountain range. 

The main range of the mountains is really a gigantic anticlinal, and 
all the lower ranges and ridges are only monoclinals, descending, step- 
like, tx> the plains on each side of the central axis. Tbere are some vari- 
ations from this rule at many localities, which I shall attempt to explain 
from time to time in the proper place. 

One of these ridges is quite conspicuous to the eye, from the fact 
that it is capped with a heavy bed of sandstone which I have always re- 
garded as transition or No. 1 (f) because it holds a position between 
the well-defined cretaceous beds Nos. 3 and 3, and the Jurassic. 

Not a single well-marked fossil, animal or vegetable, has ever been 
found in this group of strata along the flanks of the mountains; yet I 
do not hesitate to regard them as lower cretaceous. 

On the summits of all these ridges are numerous piles of rocks which 
ha^ been erected by Indians in years past as monuments or land-marks. 

Inside of the sedimentary ridges are the metamorphic rocks, mostly 
red feldspathic granites, disintegrating readily, and easily detected by 
the eye at a distance by their style of weathering. Still further west- 
ward are the lofty enow-capped ranges, whose eternal snows form the 
sources of the i)ermanent streams of the country. 

It seems clear to me that the more recent sedimentary formations, up 
to the lignite tertiary, inclusive, once extended over the whole country. 
Perhaps no finer locality exista in the West for the careful study of the 
different sedimentary formations and their relations to the metamorphic 
rocks than along the overland stage road from Laramie to Denver. 

Before reaching Laporte the road passes for twenty miles or more 
through ridge after ridge remarkably well exposed. After emerging 
from the mountains eastward it runs south for four or five miles aiong 
the cretaceous beds with their upturned edges on the east side, and the 
Jurassic and triassic (!) on the west forming a slope much like the roof 
of a house. The valley between the two ridges through which the road 
runs is a beautiful one. 

South of Big Thompson Creet the belt of upheaved ridges, or un- 
changed rocks, becomes quite narrow, and continues so to Denver, and 
even beyond. 

The cretaceous rocks in this region, though plain to one who has 
careflilly studied them on the Upper Missouri, are not separated into 
well-marked divisions. If they had first been studied along the foot of the 
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mountaina only from Cheyenne southward, it is very doubtful whether 
the ftve distinct groups of strata would have been made out. The three 
divisions, upper, middle, and lower cretaceous, are more natural south 
of the Korth Platte, inasmuch as Nos. 2, 3, 4, and 5 pass into each other 
by imperceptible gradations. .Though very few organic remains are ob- 
served in them, yet I have never found the sUghtest difficulty in detect- 
ing the different divisions at a glance by their lithological characters, 
bnt I find it quite impossible to draw any line of separation that will be 
permanent. Quite marked changes occur in the sediments of these 
divisions in different parts of the West, but by following them continu- 
ously, in every direction, fh>m their typical appearance on the Upper 
Misscnri, the changes are so gradual that I. have never lost sight of 
them for a mile, unless concealed hy more recent deposits. 

As I have betbre stated, I regard the group of sandstones which are 
always found between well-defined cretaceous No. 2 and the jnrassic 
beds as No. 1, or transition. No. 2 is certainly well shown, with many of 
its features, but it is a black shale, often arenaceous, containing many lay- 
ers of sandstone with some concretions^ but so gradually passing up into 
No. 3 that it is quite impossible to separate the two. Only in thin portions 
of either Nos. 2 or 3 do we find any resemblance to the same groups as 
shown on the Upper Missouri. No. 3 is a thinly-Iaminatm yellow 
chalky shale with some layers of gray, rather chalky limestone, always 
containing an abundance of Inoceramtis, doubtless I. problematietis, and 
Oatrea congesta. Remains of fishes are almost always found in the dark 
shales of No. 2. The black shales of No. 4 are quite conspicuous and 
well marked, and have been quite thoroughly prospected for coal, bat 
to no purpose. These black shales pass gradually up into yellow rusty 
arenaceous clays which characterize So. 5 ; and No. 5 passes up into the 
ilignite tertiary beds, where they can be seen in contact, without any 
iwell-defliied line of separation that I could ever discover. But few 
species of fossils are found in Nos. 4 and 5 in their southern extension, 
but Ba^uUtes ovatus and several species of iTweeramws Ammonites, &c., 
are common. Another feature is well marked here, and that is, there 
are no beds that indicate long periods of quiet deposition of the sedi- 
ments. Nearly all the sediments indicate either compai'atively shallow 
water or currents more or less rapid. 

Sometimes a single ridge will include all the beds of one formation, 
or even those of two or three. I have often seen the sandstones of No. 1. 
the jiu'assic, and a portion of the triassic included in one ridge and the 
adjoining valley. Again, a single formation will be split up into two or 
more ridges. 

On the Cache fi. la Poudre, about a mUe above Ijaporte, on the south 
side of the river, the sandstones of No. 1 are separated into four success- 
ive ridges, inclloing, respectively, 18°, 21°, 35°, and 46° about southeast. 
Much of this sandstone is a fine-grained grayish white, and rusty yellow 
color, sometimes concretionary, or lilte indurated mud. Here all the diyl- 
sions of the cretaceous extend eastward in low ridges until they die out 
in the plains or are concealed by the overlying tertiary. Along the Cache -i 
la Poudre and its branches la a series of terraces which are quite uniform. 

This valley is one of the most fertile in Colorado. The present year 
there has been so much rain that irrigation has been unnecessary. The 
bottom lands are about two miles wide, and thickly settled from mouth 
to sonrce. The grass is unusually fine this year everywhere. 

July 2. — In company with Dr. Smith, of Laporte, I visited the sup- 
posed gold and copper mines at or near the sources of the Cache 4 la 
Poudre Kiver. This stream makes its way through what might be called 
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amonoclinal rift, or between two ridges, "wlietlier of changed or uncliaiiged 
rocks trhich incline in tie same direction. We ascend to the axis 
of the main Eociiy Mountain range by a aeries of step-like ridges, each one 
inclining in the same general direction at some angle, with their counter- 
parta on the opposite side of the main axis. Speaking of these ridges 
locally. I have called them in this reijort monoclinal, from the fact, that 
as a rule their counterparts, although they have once existed on the west 
side of the range, are in most cases sweptaway. We passed up a beau- 
tiful valley with the red beds on our lefl^ and a few remnauts of the red 
beds and the metamorphic rocks on our right, for about fifteen miles. We 
then came to the red feldspathic granites, in which the mineral.Iodes are 
located. We first examined a local vein of black rock, in which horn- 
blende predominates. It contains some mica and iron, so that it might 
be called a local outcrop of black hornblende syenite. Masses of it 
have a rusty look from the decomposition of the h'on in the rock, and 
sometimes it is covered with an incrustation of common salt or potash. 
Iron in some form is one of the prominent constituents of all the rocks 
of this region, changed or unchanged. So far as I could determine, the 
inclination of the metamorphic rocks is in the same direction as the sed- 
imf>ntary. I have assumed the position that all the rocks of the We«t 
are, or were, stratified, and that where no lines of stratification can be 
seen, as in some of the massive granites, they have been obliterated by 
heat during their metamprphism. Therefore all the metamorphic rocks, 
whether stratified or massive, that form the nucleus of the Eocky Moun- 
tains, mast have some angle of dip, equallywith the sedimentary rocks. 
In many cases I have to be guided by the intercalated beds of mica or 
talcose slates. I am of the opinion that there are anticlinals and syn- 
clinal among the metamorphic rocks of this region, and that the mount- 
ain valleys ai-e tlms formed for the most part. 

We examined a number of lodes which were moderately ricb in copper. 
All the lodes have a trend about northeast and southwest, and are two 
to four feet wide, with well-defined walls. Much. of the gangue rock is 
spongy like slag, owing to the decomposition of iron pyrites ; and there 
are large masses of the casts of cubes, evidently" cubes of iron pyrites. 
Our examinations were not v^ry thorough, but I was not favorably im- 
pressed with this district as a rich mineral region. Some of the copper 
mines, at some future day, may yield a fair return, but it will be many 
years betbre the country will be built up by its mineral wealth. 

July 3. — Our route to-day was along the flanks of the mountains, from 
Cache a la Poudrc to Big Thompson Creek. Lying over the red beds 
and appearing to form a dividing line between the red beds and the 
ashcn-graj marly clays above, is a well-defined bed of bluish semi-crys- 
talline limestonCj two to four feet thick, somewhat cherty, though sus- 
ceptible of a high polish, too brittle and liable to fracture in any 
direction to be valuable for ornamental purposes — probably useful for 
lime only. I regard this as of iurassic age, although I was unal^le to 
find in it any well-marked organic remains. The same bed occurs in the 
Laramie plains, where it contains many fragments of crinoidal stems, 
which Professor Agassiz referi'ed to the well-known Jurassic genus 
Apiocrimtes. 

On the summit of the first main "hog'back" is a bed of massive 
sandstone, immense blocks of which have fallen down on the inner side 
of the ridge, adding much to the wUdness as well as ruggedness of the 
scenery. These rocks are made up almost entirely of an aggregation of 
small water-worn pebbles. The layers of deposition are very irregular, 
inclining at various angles. This kregularity in the lamina is a marked 
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feature of this sandstone. It forms a portion of the group -which I have 
called transitioD, or Fo. 1. They are certainly heds of passage from 
■weU-marked cretaceous to the Jurassic, and the lower portion being 
almost invariably a pndding-stone, they may weU mark the boundary 
between the two great periods. In many places along our route this 
group forms lofty perpendicnlar escarpments, varying from thirty to sixty 
feet in height, indicating a considerable thickness of the massive sand- 
stone. For fiiteen mUes we can pass along behind this hog-back ridge par- 
allel with the mountains, through a most heautifi.il valley with fine grass. 
and over an excellent natural road. On our left are the upturned 
edges of a ridge capped with S^o. 1, passing down into the limestone and 
ashen marly clays of the Jurassic, with a few feet of the red sandstone 
at the base, whUe the valley, which may be three hundred to five hun- 
dred yards wide, is composed of the worn edges of the loose red beds of 
the triassic, and on our right are the variegated sands and sandstones oi 
the formi#f.ion. . , ., 

South of Cache a la Poudre there seem to be but two principal ndges 
between the transition group No. 1 and the metamorphic rocks, 
although at times each one of these ridges will split up into a number of 
subordinate ridges which soon merge into the main ridge again. In 
most cases the inner ridge includes all the red beds proper, and there is 
a well-deiined valley between it and the met-amorphic rocks, but some- 
times the sedimentary beds flank the immediate sides of the metamor- 
phic ridge. Through these ridges are openings made by the little streams 
which issue from the mountain's side. Sometimes these openings are cut 
deep through to the water level, and at other times for only a few feet from 
the summit. Sometimes there is a stream of water flowing through 
them, but most of them are dry daring the summer. These notches m 
the ridges occur every few hundred yards all along the foot of the 
mountains. , , _ 

The cretaceous and tertiary teds generally form several low ridges 
which are not conspicuous. The principal ridge outside, next to the 
plains, is composed of the limestones of Ho. 3, which is smoothly 
rounded and covered with fragments or chips of limestone. Between 
this and the nest ridge west, there is a beautiful concave valley about 
one-fourth of a mile wide. The line between the upper part and the foot 
of the ridge proper is most pert'ectly marked out by the grass. The east 
elope of this ridge is like the roof of a house, so steep that but little soil 
can attach to it, and in consequence of this it can sustain only thin grass 
and stinted shrubs. These ridges are sharp or rounded, depending upon 
the character of the rocks of which they are composed. Cretaceous 
formation, No. 3, yields so readily to atmospheric agencies, that the ndges 
composed of it are usually low and rounded, and paved with chipped frag- 
ments of the shell limestone. The harder sandstones give a sharpness of 
outline to the ridges which has earned for them the appellation of "hog- 
hacks," by tiie inhabitants of the country. In No. 3 I found Ostrea cow- 
gmta very abundant, and a species of Iixoceramm identical with the one 
occurring in the limestone at South Boulder, and the same as the one 
figured by Hall in Ji-^mont's Eeport, Plate IV, Fig. 2, and compared, 
with Imceramm involutm, (Sowerby,) page 310. The lower part of No, 
,3, containing the Inoceramm, is a gray marly limestone, which passes up 
into a yellow chalky shale, which weathers into a rusty yellow marl that 
gives wonderful fertility to the soU, while the dark shales of Nos. 2 and 
i, as well as the rusty arenaceous clays of No. 5, are distinctly revealed 
at different localities. The light-colored chalky limestones of No. 3 are 
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more conspicuous at all times along the foot-Mla of the mountains, even 
to New Mexico, than any other portion of the cretaceous group. 

The valley of Thompson Creek ia very fertile, varying from half a 
mile to a mile in width, is filled up with settlers, and most of the land 
is under a high state of cultivation. The creek itself ia one of the pure 
swift-flowing mountain streams which have their source in the very 
divide or summit of the water-shed, and are rendered permanent by the 
melting of the suows. All these mountain streams would furnish abund- 
ant water-power, most of them having a fall of thirty feet to the mile. 

There seems to be a decided improvement in the soil as we go south- 
wai'd. The geological formations are the same, but the climate is more 
favorable. 

On a terrace on the north side of Big Thompson Creek there is a bed 
of recent conglomerate, quite perfect, and belonging to the modern drift 
period. It is very coarse, and the worn boulders are held together by 
eesquioxide of iron. I note it here as an exampleof very recent conglom- 
erate. There is much fine sand, and the rounded stones are exactly 
like those which pave the bottoms of streams. The thickness of thig 
boulder deposit is considerable, and it seems to underlie the whole val- 
ley portion of the country. 

The cretaceous beds of No. 3 pass down into a yellowish sandstone 
which forms a low ridge on the north side of Big Thompson Creek. 
Two or three low ridges of cretaceous appear east of this point, but die 
out in tlie prairie. This ridge inclines 15°, then comes a valley about 
one-fourth of a mile wide, and a second ridge of rusty reddish fine- 
grained sandstone, evidently No. 1, or the transition group. This ridge 
inclines 25°. Underlying the sandstone, which forms a large part of 
this ridge, we find the ashen-gray mai'ly and arenaceous clays of the 
juriisaie, including some thin beds of sandstone and one layer of lime- 
stone four to six tfeet thick, which has been much used for lime among 
the farmers. These beds pass down without any perceptible break into 
the light brick red sandstones which form the next two ridges west- 
ward. These be<ls have a dip of 30o. About the middle of the red 
beds there is a layer of impure limestone standing nearly vertical 65°, 
two to four feet thick, which has also been used somewhat for lime. 
The next ridge west has a rather thick bed— ten to fifteen feet — of very 
rough impure limestone looking somewhat like very hard calcareous 
tufa. The intermediate beds are loose briek-red sands. 

There is here a somewhat singular dynamic feature — a local anticli- 
nal. One of the ridges flexes ai-ound from an east dip to a west dip, from 
tlie fact that one of the eastern ranges of mountflius rims out in the 
prairie near this point, forming at the south end originally a sort of 
semi-quaquaversal, the erosive action having worn away the central 
portions. This forms a short anticUnal of about a mile in length. On 
the east side of the anticlinal valley the principal ridges are shown, inclu- 
ding nearly all the red beds ; and on the west side, onlv the upper portions 
of the red sandstones with the Jurassic beds and Hie transition sand- 
stones. The latter rocks form the nearlj' vertical wall in which is 
located a somewhat noted aperture called the "Bear's Church." In the 
west part of this anticlinal, within twenty feet of the brick-red sand- 
stones, is a blue, brittle limestone layer about six feet thick, inclining 
seventy-eight degrees. This west portion of the anticlinal might be 
described across the upturned edges thus, commencing at the bottom: 
1. Eather light briek-red sandstones in three layers— estimated 200 
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2. The red bed passes up into a massive reddish-gray rather flue sand- 
stooe — 20 feet. 

3. Then comes a thin layer of fine bluisli-brown sandstone — 3 feet; 
then the bluish limestone — i feet. 

4. Then about twenty-flve feet of ashen clay, with six to ten feet of 
blue cherty limestone, with some partings of ciay. 

6. About two hundred feet of variegated clays. 

6. A bed of quite pure limestone, blue, semi-crystalline — four to 
eight teot. The grass preveuta definite measurements, and all the beds 
vary in thickness in different places, as well as in dip, which is from 60° 
to 80°. 

7. This intermediate space is covered over with a loose drab yellow 
sand, donbtleas derived from the erosion of the edges of the beds beneath, 
which are supposed to be Jurassic. There is one bed of limestone about 
two feet thick, similar to that before described. All these limestones 
appear to contain obscure fragments of organic remains. 

8. A nearly vertical wall of sandstone; dip 60° to 65"^. This bed is 
formed of massive layers, in all, one hundred and flft^' feet thick or 
more, and is composed largely of an aggregate of small water-worn 
pebbles of all kinds. Most of the pebbles are of metamorphic origin, but 
some of them appear to have be«a derived from unchanged rocks. 
There are also layers of fine-grained sandstone. The prevaihng color is 
a rusty yellow and light gray. Most of the sandstones in this country 
are of a rusty yellow color ; No. 1, cretaceous. 

9. A broad space, three hundred to four hundred feet, grassed over. 
The slope is confplete, but it is undoubtedly made up of the sands and 
sandstones at the base of the cretaceous group, 

10. A flue sandstone passing up into a close compact flinty rock. This 
is a low ridge, appea.ring only now and then abo\-e the grassy surface. 
The elope then continues down to the stream which flows through the 
synclinal valley about a mile wide, and then we come to the grassy slope 
on the mountain side inclining east again. A little below this point the 
creek cuts through the sandstone and hlack clays of No. 3, conforming 
perfectly to the wall of sandstone No. 1. 

It is now well known that the great Rocky Mountain system is not 
composed of a single range, but a vast series of ranges, covering a width 
of six hundred to one thousand miles. There are also two kinds of 
ranges, one with a granitoid nucleus, with long lines of fracture, and in 
the aggregate possessing a specific trend ; the other has a basaltic nudeus, 
and IS composed of a series of volcanic cones or outbursts of igneous 
rocks, in many cases tbrming those saw-like ridges or sien-as, as the Sierra 
Nevada, SieiTa Madre, &c. Along the eastern portion of the Eoeky 
Mountains, from the nort,h line to New Mexico, the ranges with a gran- 
itoid nucleus prevail. Each one of the main ranges is sometimes split 
up into a number of fragments, which locally may vary somewhat from 
a definite direction, but the aggregate trend will be about northwest 
and southeast. 

As I have before stated, each one of the main ranges seems to me to 
form a gigantic anticlinal with a principal axis of elevation, and the lower 
parallel ranges descending like steps to the plains, or to the synclinal 
valley. If, for example, we were to study carefully one of the minor 
mountain ranges, as the Black Hills of Dakota, or the Laramie range, 
where the system is very complete and regular, we should find a central 
granitic axis, and on each side a series of granitic ridges parallel with it, 
and in the aggregate trending nearly north and south. And on the east- 
em portion of the anticliuaj, the east side of the minor ridges slopes 
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gently down, while tlie west side ia abnipt; and on the western. portion 
vice versa. But if we take the ridges singly and examine them, we ehaE 
find in most cases that the aggregate trend is nearlynorthwesfc and south- 
east. The conseqaence is, that as we pass along under the eastern flanks 
of the mountain from north to south, these minor ranges or ridges pre- 
sent a sort of "m ^jeioti'^' appearance; that is, they run out one ai'ter 
the other in the prairies, preserving the nearly north and south course 
of the entire system. Kot unfrequently a group or several of these 
ridges will run out at the same time, forming a huge notch in the main 
range. This notch in most cases forms a vast depression with a great 
number of side depressions or rifts in the mountains, which give birth to 
a water system of greater or less extent. Such, for example, is the notch 
at Cache h la Pomfie, Colorado City, Caiion City, on the Arkansas Eiver, 
and other localities. If we were to examine the excellent topographical 
maps issued by the War Department, which are beyond compai-ison the 
most correct and most scientific of our Eocky Mountain region in exist- 
ence, we should at ODce note the tendency of all the minor ranges, with 
a continued line of fracture and a granitic nucleus, to a southeast and 
northwest trend ; sometimes it is nearly north and south, and then these 
ranges pass out or come to au end without producing any marked in- 
fluence on the topography, except, perhajis, some little stream will flow 
down into the plain through the monoclinal rift. But when several of 
these minor ranges come to an end together, an abrupt jog of several 
miles toward the west is caused. Then frequently as the range dies out, 
a local anticlinal or a semiquaquaversal dip is given to the sedimentary 
beds. Between the notches or breaks in the mountains, the belt of 
ridges or "hog-backs" becomes very narrow, sometimes even hardly 
visible, and sometimes entirely concealed by superficial deposits. But 
at these breaks the series of ridges split up and spread out so as to cover 
an area from half a mile to ten or fltteen miles in width. It is in these 
localities that the complete geological structure of the country can bo 
studied in detail. I do not know of any portion of the West where there 
is so much variety displayed in the geology as within a space of ten 
miles square around Colorado City. Nearly all the elements of geological 
study revealed in the Eocky Mountains are shown on a unique scale in 
this locality. The same may be said, though in a less degree, of tlie 
vatley of the Arkansas as it emerges from the mountains near Caflon 
City. I am inclined to believe that it is only in these localities that 
rocks older than the triassie or red beds are shown along the eastern 
flanks of the mountains south of Cheyenne. I have looked in vain for 
a single exposm'e of well-defined paleozoic strata from Big Thompson to 
Colorado City, a distance of over one hundred miles. I am now con- 
vinced that in the north, the paleozoic rooks are often concealed for long 
distances, although I have usually represented them by colors on a geolo- 
gical map by a continuous band along the mountains. That they exist 
continuously along the eastern margins in Colorado and New Mexico I 
cannot doubt, but only at these specially favored localities do' they 
appear from beneath the triassie or red beds. They ai-e, however, far 
more frequently exposed -further northward, and I think much more 
largely developed. 

Between Big and Little Thompson Creeks the ridges are very numer- 
ous and bold, and it would seem as if the massive fine-grained sandstones 
predominated, for they cap all the ridges, and the broken masses, often 
of large size, are scattered in great profusion everywhere. In one valley 
the abrupt side, which was composed of red sandstone, presented an 
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unusually massive front, and in many places, are weathered into the gro- 
tesque forms so well sbown southwest of Denver. 

Near the head of Little Thompson the ridges are admirably well shown. 
Two beds of saiidstone, belonging to the lower cretaceous group, seem to 
have broken off in the process of elevation, and so tipped ov»r that the 
upper edges are past verticality. The upper cretaceous beds reaUy form 
bnt one principal ridge, although made up of three or four subordinate 
ones. The sediments of these beds are so soft and yielding that they 
have been easily worn dowu smoothly or rounded ofi' and grassed over 
for the most part. But by looking across it, it is not difficult t-o detect 
the black shales of No. 4, the yellow laminated chalky marl of No. 3 pass- 
ing into the alternate layers of light-gray limestone aoid black plastic clays 
of No. 2. As the little streams cut through these ridges at right angles, 
they reveal not only the different beds, but also the dip very distinctly. 
The Little Thompson begins to show evidences of enormous drift 
agencies in the thick deposit of gravel, the high table landson each side 
of the creek, with here and there a butte witli the top planed off, and 
over the surface is strewn a vast quantity of loose material which has 
been washed down from the mountains. Each one of the little streams 
has worn its way through the ridges of upheaval, usually making enor- 
mous gorges, but sometimes producing wide open valleys. The valley 
of St. Vrain Creek is one of these valleys of erosion, with broad table 
lands or terraces on each side, leaving the divide in the form of a con- 
tinuous smooth bench, extending far down into the prairie, giving to the 
surface of the country a beautiful and almost artificial appearance. 

The banks of the St. Vrain seem to be composed of an upper covering 
of yellow marl, which soon passes down into gravel. The soil appears 
to derive its fertility from the eroded calcareous sediments of No. 3, but 
it rests upon a great thiclmess of a recent conglomerate, cemented, in 
part at least, with oxide of iron. The greatest width ot this valley is 
over ten miles, gradually sloping down to the bed of the creek from the 
north. The abrupt side is on the south, where a bank fifty feet high is 
cut by the channel of the stream. This bank increases in height toward 
the mountains, but becomes lower further down the stream eastward. 
Above this bank, southward, is a broad level plain about two milea in 
width, and then a gentle rise leads to another broad table plain which 
forms a bench or divide. 

On the north side of St. Vrain Creek, near the foot of the mountains, 
there is a long ridge of rather rusty yellow and gray sandstone, with a 
trend about north 5° east, or nearly north and south. There are also 
two other ridges, with a dip varying between 45° and 55° east. The first 
ridge is about one hundred feet across the upturned edges, and there is 
tJien westward a grassy interval of three hundred feet, and then auother 
ridge of about the same thickness, tlie harder layers projecting above 
the grassy plain from two to thirty feet. It presents the appearance, in 
the distance, of a high, rugged, irregular wall, or broken-down fortifica- 
tion, and is about three-foiirths of a mile in length. These are the lower 
sandstones of the lignite tertiary projecting above the grassy plain. 

Near the foot-hills of the mountains, about four miles south of St. 
Vraiu's Creek, are some high cretaceous benches, extending down from 
the base of the mountains. They usually do not extend more than one 
or two miles in length before they break off, sometimes abruptly and 
sometimes gradually. Not unfrequently a sort of truncated cone-shaped 
butte is cut off from the end of some of the benches. On the anmmit is a 
considerable thickness of a recent conglomerate which has been 
cemented so as to form a tolerably firm rock. lu this drift some frag- 
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ments of the red sandstone are found, but the rocks are mostly granitic 
Sometimes there is a valley scooped out between these benches and the 
foot of the mountains; and again, they ascend gently up to the base 
and lap on to the flanks. Sometimes in the interval between these 
benches there is a low, intermediate level or terrace about fllty feel 
above the valley. The higher benches are about two hundred feet above 
the bottom. It is to this peculiar configuration of the surface into bench 
■ and terrace, that the wonderful beauty of this region is due. In the 
distance southward can be seen a continuation of the ridges of tertiary 
sandstone as they project above the surface far in the plains, five to 
eight miles from the base of the mountains. There are some of these 
sandstone ridges from one hundred to three hundred yards apart ; the 
intervals level and completely grassed over, so that the laminated clays 
or coal beds are eutu'ely concealetl from view. These ridges continue 
to appear above the surface now and then, nearly to Denver. Where 
they pass across the valleys of streams, or even dry branches, openings 
are made of greater or less deptii and width, which give the irregular 
outlines to the sandstone ridges. 

Between St. Vraln Creek and Left-hand Creek there is a broad plateau, 
about ten miles wide, which is as level to the eye as a table top. It is 
covered over with partially worn boulders. Near the base of the foot- 
hills, behind this plateau, there is a most beautiful valley scooped out, 
about two miles wide, which must have been the result of erosion In past 
times, for there is very little water in it at present- 
Further southward those long narrow benches extend down into the 
prairie from the foot-hills. As we come from the north to the south 
Bide of the plateau, we can look across the valley of Left-hand Creek 
to near Boulder Valley, at least ten miles, dotted over with f^rm-houses, 
fenced fields, and irrigating ditches, upon one of the most pleasant 
views in the agricultural districts of Colorado. These plateaus and 
tienches are underlaid by cretaceous clays, only here and there passing 
up into the yellow sandstones of No. 5, with. Inoceramws and Baculites. 
The plateau on the north side of Left-hand Creek comes to the stream 
very abruptly and seems to have .presented a side front to the later 
forces which transported the boulder drift from the mountains, the sides 
being covered thickly with worn rocks of aU sizes. This district is 
very aptly called Boulder County, but the culmination of this boulder 
drift is to be seen in the valley of Boulder Creek. 

From Ijefb-hand Creek to Golden City the flanks of the mountains 
seem to be formed of the transition sandstones, or cretaceous JSo. 1, 
with all the older sedimentary rocks lying against the metamorphic 
rocks in such a way as to render them very obscure and the scenery 
quite remarkable. 

Indeed, south of St. Vrain Creek the change in the appearance of the 
belt formed of the ridges or "hog-backs" is very marked. 

As I have before stated, I believe that the agencies which produped 
the present conflguratiou of the surface of the country are local and 
eame from the direction of the mountains; andlhaveseen no evidence 
that among the later geological events there was any drift agency uni- 
versal in its character as that attributed to the drift action in Canada 
and the Atlantic States. The forces may have acted synchronously 
and all over the continent west of longitude 100°, from the Arctic Ocean 
to the Isthmus of Darien, but the mouutaiu ranges were the central 
axes from which the eroding agencies proceeded. ■ The agency which 
produced the erosion and deposited the drift in the valley of a stream 
originated iu the mountain range at the source of that stream. I shall 
refer to this subject ftom time to time, and it is one fraught with the 
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deepest interest to the student of geology in this country, and one 
around which there is no small degree of obscurity. The effects are 
universal, however, the evidences of erosion and the ■worn drift mate- 
rials being found on the summits of the highest ranges as well as in the 
lowest valleys, and each district pointing out the source of these eroding 
and transporting agencies in the immediate vicinity. 

Since leaving St. Vrain Creek, the tertiary beds containing the coal 
have been aproaching nearer the mountains. North of this point the 
belt of cretaceous roclis has been quite wide, varying from two to five 
miles, but in the valley of the Boulder the belt becomes quite narrow, 
and forms a part of the foot-hills themselves, while ffos. 4 and 5 are 
entirely concealed from view. 

In the Boulder Valley the tertiary coal beds are enormously developed. 
The Belmont or Marshall's coal and iron mines, on South Boulder Creek, 
are the most valuableand interesting, and reveal the largest development 
of the tertiary coal-beai-ing strata west of the Mississippi. 

In the autumn of 1867 I had an opportunity of examining these mines, 
under the intelligent guidance of J- M. Marshall, esq., one of the owners 
of this tract of laud, and I wrote out the results of my examinations at 
that time in an article in Silliman's Joumah March, 1868, In July, 1869, 
I made a second examination of this locality under the same auspices. 
The following vertical section of tiie beds was taken, which does not 
differ materially from the one hitherto published : 

48. Drab clay with iron ore along the top of the ridge. 

47. Sandstone. 

46. Drab clay and iron ore. 

45. Coal, (No. 11,) no development 

44. Drab clay. 

43. Sandstone, 15 t« 20 feet. 

42. Drab clay and iron ore. 

41. Coal, (No. 10,) no development. 

40. Yellowish drab clay, 4 feet. 

39. Sandstone, 20 feet. 

38. Drab clay full of the finest quality of iron ore, 15 feet 

37. Thin layer of sandstone. 

36. Coal, (No. 9,) nearly vertical, where it has been worked, 12 feet. 

35. Arenaceous clay, 2 feet. 

34. Drab clay, 3 feet. 

33. Sandstone, 5 feet; then a hea^-y seam of iron ore; then 3 feet of 
drab clay ; then 5 feet sandstone. 

32. Coal, (No. 8,) 4 feet. 

31. Drab clay. 

30. Sandstone, 25 to 40 feet. 

29. Drab clay, 6 feet. 

28. Coal, (No. 7,) 6 feet. 

27. Drab clay, 5 feet. 

26. 1 • ( Sandstone with a seam of clay, 12 -to 18 inches, intercalated, 
\^\ 25 feet. 

25. ^"^-^ Drab clay, 4 feet. 

24. h& Coal, (No. 6,) in two seams, 4J feet 

23. 3 « ( ])rab clay, 3 to 4 feet 

22. Yellowish, flne-gi'ained sandstone in thin loose layers, with plants, 
5 to 10 feet 

21- ) S> ( Drab clay, excellent iron ore. 1 

20. ^ ^ ^ Coal, (No. 5,) 7 feet. [ 15 feet 

19. ) 5 ( Drab clay. ) 
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18. Ssmdetone, dip. ll"^. Tliis sandstone has a reddisli tinge, and ia 
lees massive tban 14. 
17. Drab clay. 1 
16. Coal, (No. 4.) |- 20 feet, obscure. 
15. Drab clay. ) 
14. Sandstone, massive, 60 feet. 
13. Drab clay. 
13. Sandstone. 
11. Drab clay. 
10. Coal, (No. ,3.) 

9. Drab clay. 

8. Sandstone, 25 feet. 

7, Drab clay. 

6. Coal, (No. 2,) 8 feet. 

5. Drab clay. 

4. Sandstone, about 25 feet. 

3. Drab, Are clay, 4 feet, 

2. Coal, (No. 1,) 11 to 14 feet. 



In bed No. 23 there are three layers of sandstone, which contain a 
great variety of impressions of leaves. Below coal bed No. 6 there is a 
bed of drab clay, seven feet thick, with acoal seam at the outcrop, three 
feet thick ; but the coal appears to give out or pass into clay as the bank 
is entered, so that there are ten feet of clay above coal bed No. 6. 

Much of the iron ore is flill of impressions of leaves in fragmentSj steins, 
grass, &c. The ore is uaostly concretionary, but sometimes it is so 
continuous as to give the idea of a permanent bed. There a^e several 
varieties of the ore of greater or less purity. Above coal bed (5) there 
is a seam of iron, with oyster shells, apparently Ostrea svbtngotMlis, 
or the same species found so abundantly near Brown and OTSryan's 
coal mine, about twenty miles southeast of Cheyenne. Nearly a dozen 
openings have been maide here for the coal. 

These coal beds are the more valuable, and can be more easily wrought 
than anyin Colorado. . The great thickness of the coal strata haa been so 
uplifted, and the surfaceworn away, that the beds axe all easily accessible, 
and one can walk across the upturned edges of from 1,200 to lj500 feet in 
thickness and then they incline eastward, and die out in the plain. I find it 
somewhat difficult to give a satisfactory reason why they have not been 
swept away oreoncealed by debris, asthey have been in most other locaU- 
ties. Leaning against the sides of the mountains between South Boulder 
canon and that ofthemainBoulder Creek, are immensewallsof sandstone, 
possibly paleozoic or the lower beds of the trias, partially metamorphosed 
by heat. These walls rise to the height of 1,000 to 4,000 feet above the 
valley, and thus seem, to have protected these formations from the erosive 
action, which, according to the position that I have taken in this report, 
is local, and must have come directly from the mountains. .,■• 

A beautiful valley has been scooped out by the SouUi Boulder, leav- 
ing a bench covered with debris between the two Boulder Creeks. 
Eefore reaching these huge sandstone walls, we pass over a portion of 
the cretaceous, and a great thickness of the red beds, inclining at a high 
angle. 

Immediately south of the South Boulder Creek there is a high bench 
that extends up close to the base of the mountains, and is covered with 
drift and boulders, three miles in width, entirely concealing all the un- 
changed rocks. But in the valley of Coal Creek, seven beds of coal are 
revealed by the scooping out of this valley. These beds all incline at a 
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high angle, alboat 45°, anA are not easily -worked. Tlie sandstones pro- 
ject up above the loose material like irregular walla, and the creek itseli 
forms a narrow passage or gorge through one of these ridges. 

Between the sandstones, and appareutly with very littie clay either 
above or below, is one bed of coal four to sis feet thick, which was 
wrought for a time, and then abandoned. 

It seems to me the coal here wDI never be worked with profit. Above 
the sandstone there iS another bed of coal, and above that, fire-clay; all 
the strata conforming and inclining between 35° and 45°. The sand- 
stone ridge on the north side of Ooal Oreek becomes more nearly verti- 
cal— 68°. All the beds of coal are so badly crushed together that thev 
are rendered somewhat obscure. There are here two or three feet of 
clay between the layers of coal, and above the coal the clay is very irreg- 
ular; sometimes thinning out entirely, so that the sandstone comes 
directly upon it. A large number of the sandstone ridges may be seen 
far out in the plains, east of the mountains, at intervals, all having the 
same general trend, and inclining at various angles. They rise above 
the grassy plains in isolated piles, like broken-down walls. These sand- 
stones indicate the existence of coal beneath, but it would be utterly 
impossible to work out the sequence of these beds only at the most 
favorable exposures. In almost all cases the tertiary beds are so worn 
down and covered with superficial deposits that they are detected only 
in the channels of streams, or by the sandstones projecting above the 
grassy surface of the plains. 

July 6. — With Mr. Marshall as guide, I attempted to penetrate through 
the sandstone beds to the metamoi'phio rocks up Bear Canon, a sort 
of separation in the immense sandstone wall between the two Boulder 
Creeks. So i^ as I could ascertain in this caiion, the sedimentary beds 
lie fairly against the metamoiphic rocks, and the latter incline in precisely 
the same direction, and at about the same angle as the former, a little 
north of east. There is another point that seems to me to be well shown 
in the range; and that is, that the metamorphic rocks are thrown up in 
distinct anticlinals, the same a« the sedimentary beds. As soon as we 
pass the junction of the unchanged and changed rockswe find the granites 
inclining in the same direction, and a little further up there is a ridge 
inclining in the opposite direction, forming in the interval a valley. 
The angle of dip ou the west side of the granitic anticlinal is 44°, a little 
south of west. This anticlinal feature may be local here, but I regard 
it as a common occurrence in the metamorphic rocks of the mountain 
ranges. ' 

Here tremendous uplifts of the sandstones appear about '4,000 feet 
above the Boulder Valley in the plains below, and their rugged summits 
project far over on the granitic rocks westward, so that along the little 
stream immense masses have fallen down from the broken edges, a half 
a mile above the Junction of the two kinds of rocks. I think this illus- 
tration alone furnishes sufficient evidence that the sedimentary beds onco 
eontiniTed uninterruptedly across the area now occupied by the mountain 
ranges, and that these beds only form a part of what was once a gigantic 
anticlinal, the eastern portion of the unchanged beds remaining, while 
the western portion has been worn away and mingled mtii the debris 
of the plains. Further up toward the central axis of the mountain we 
pass ridge after ridge of granite, inclining eastward about 36°. 

The process of disintegration of the rocks by exfoliation is here shown 
quite clearly, without regard to stratification. Immense massesof rock 
are weathered into rounded forms by these coatings or layers fallmg off. 
I have observed that all kinds of rocks, granites, igneous rocks, sand- 
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stones, limestones, &o., have a tendency to weather by this process of 
exfoliation, and the hUls and mountain-peaks follow the same rule. It 
would seem that nature abhors sharp angles and corners, aud com- 
mences at once to smooth and ronnd them off, so that nearly all iieaks 
and Mils have this rounded appearance when closely examnied. The 
huge masses of granite or basalt on the summits^ of the highest moun- 
tains are now undergoing this process of exfoliation, 

The flrat bed of granite that lies west of the high ridge of sandstone 
inclines 68°, and has much the appearance of sandstone completely met- 
amorphosed. It is of various degrees of fineness, but mostly an aggre- 
gate of coarse crystals of feldspar and quartz. There is also a bed of 
mica schist inclining with it at an angle of 48°. I have made use of 
these gneissic beds to aid me in forming a clearer idea of the true strat- 
ification or bedding of the granite, which is often obscure. 

The massive beds of sandstone which form the high walls are evi- 
dently partially metamorphosed by heat. The bottom beds, which lie 
next to the granites, are composed of a rather coarse aggregate of 
crystals of feldspar and quartz, inclosing multitudes of well water- 
worn pebbles of all kinds, from 'a minute size to several inches in diam- 
eter. There are also fragments of unchanged reddish sandstone, but 
the inclosed pebbles are mostly metamorphic, among which quartz peb- 
bles are conspicuous. . 

The inclination of the first ridge is about 33o. A portion of it la so 
fine and compact that it has somewhat the appearance of imperfect jas- 
per. It varies much in texture. A most interesting tfeature is the sep- 
aration of this inner ridge from the one just east of it. It has evidently 
been broken off from the summit of the next one east of it, and the 
■whole mass carried forward westwai'd, yet retaining nearly the same 
angle of inclination. This is shown by the fact that the granite rocks 
are thrust up under and between the ridges, showing most distinctly 
that this is an immense fragment of the second ridge from the inside, 
elevated upon the edges of the granitic rocks and carried two hundred 
or three hundred feet to the westward. Yet the agency that performed 
this movement acted so quietly that it did not disturb its position in rela- 
tion to the other ridges. 

The second or main ridge from the inside vanes m dip from dO°_to 
450. It is largely composed of pudding-stone or fine conglomerate, with 
layers of sandstone of various degrees of fineness. The upper beds 
are composed of fine-grained sandstone. The entire ridge must have 
had a thickness of eight hundred to twelve hundred feet. 

The scenery along the flanks of the mountains at this point is won- 
derfully unique, and I have never known a similar example in the 
Bocky Mountain region. The uplift is on an unparalleled scale. 

Toward the outside, or, more properly, the upper layers of this ridge 
become close-grained, much of it breakmg into cubical blocks and 
forming a great accumulation of debris on the sides of the mountains. 
The outermost layer of this ridge, which has been worn off so as to be 
a low one, inclines 54°. All the beds exhibit less and less the influence 
of heat from the inner to the outer side, and much of the upper part is 
a compact, close-grained quartzose sandstone, divided into layers with 
smooth surfaces, and most excellent for buildmg purposes. 

The next bed is a loose red sand, so soft that the upturned edges 
have been worn down and completely grassed over. The upper edges 
of this bed are at least twelve hundred feet below the summit of the 
high sandstone ridge. The dip is 31°. At the foot of the slope of these 
red beds is a grassy valley, and then a very abrupt ascent to the edges 
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of a tMck bed of yellowish sandstone. At another locality a few yards 
distant a small stream, in cutting its way through this ridge, revealed 
alternate layers of aah-colored and yellow arenaceous clay, with some 
hard beds of sandstone, inclining 55°. A portion of these beds are 
probably Jurassic. "We have here an int«rval in the harder beds between 
the high sandstone ridge and the sandstones of No. X, filled up with 
yielding clays and sands, which I estimated at ftom six hundred to 
seven hundred feet in thickness. Then come the sandstones of No. 1, 
and the gray limestones and shales of No. 2, and the chalky marls of 
No. 3, which are plainly visible with about the same dip. Although the 
grass covers the surface to such an extent that the upper cretaceous 
beds are not exposed, yet it is safe to suppose that the entire series of 
cretaceous formations, as known along the flanks of the mountains, 
exist here. 

There is ample room, also, for a great thiekoess of the tertiary beds, 
and the evidence is quite clear that a large poi-tion of the sandstones, 
clays, and doubtless beds of coal, of the tertiary period exist in the 
enormons plateau or table-like bench which extends down the Boulder 
Valley from the foot of the mountains. 

The amount of loose drift material is enormous, scattered not only 
over the surface, but concealing to a great extent the underlying basis 
rocks. There is, therefore, some reason to believe that the coal may 
yet be found in the valley under South Boulder Creek and between it 
and the foot-hills of the mountains. 

We find, therefore, that we have at this locality a somewhat narrow 
belt of the unchanged rocks, packed close together, and inclining at 
about the same angle, and perfectly conforming with each other, and 
the raetamorphic rocks also. In passing up the caQon of the little 
stream from the Boulder Valley we cross the visible edges of creta- 
ceous fonnations Nos. 3, 2, and 1, the Jurassic red beds, and the paleo- 
zoic sandstones, to the metamorphic rocks. Whilelbelieve that theex- 
tensive series of coal strata all perfectly conform with the older forma- 
tions, yet as we pass eastward from the Boulder Valley the dip becomes 
less and less until it ceases in the plains. 

An important question arises as to the cause of the change in the sedi- 
mentary rocks of this region. That the sandstones forming the huge 
ridges have been partially metamorphosed is clear, though the traces of 
their sedimentary origin are as plain as ever. 

The limestones of cretaceous formation No. 3 are more compact at 
this point than I have ever observed them northward; and the co.il, 
aloiig a narrow belt, is far superior to that which is found farther east- 
ward in the plains. I am inclined to believe that the area from which 
first-class coal will be obtained in Colorado is very restricted, and will 
be comprised in. a moderately narrow belt along the base of the moun- 
tains south of Boulder Greek and north of Golden Oiiy. 

These changes might be attributed, wholly or in part, to the influences 
of igneous action in the vicinity. In the valley of the Boulder, near 
Valmont, there is a prominent dike of very compact basalt, which rises 
np like a wall, but does not seem to have disturbed the tertiary sand- 
stones in the vicinity. Near Golden City, about twenty miles south- 
ward, close to the base of the mountains, are two large mesas, or table- 
lands, covered with a thick layer of basalt, which must have passed up 
from below in the form of a dike, and flowed over the tertiary rocks. 

These are the only instances of eruptive rocks observed by me from 
near the South Pass to the Arkansas, a distance of nearly four hun- 
dred miles. In the Middle Park, just west of Long's Peak, and in the 
3gs 
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South Park also, are numerous examples of the outpouring of igneous 
material. That internal heat connected with these igneous outhursts 
may have affected the sedimentary rocks in the Boulder district, and 
rendered the coal more compact aad anthracltic, under pressure, seems 
to me possible, at least- The rocks -which appear to have heeu affected 
by heat are seen only for a few miles south of the Boulder— from Ave 
to ten mUes. South of that no effects whatever have been observed. 

The next finest exhibition of coal in Colorado to Marshall's mine is 
that of the Murphy mine, on Ealston Creek, five miles north of Golden 
City. The coal bed is nearly vertical in position, and vaxies in thick- 
ness from fourteen to eighteen feet, averaging sixteen feet from side to 
side. There are nine feet of remarkably good fire-clay on each side of 
the coal, and above and below, or on the west and east sides, are the 
usual beds of sandstone. This mine is very near the foot of the moun- 
tains, and the belt of sedimentary rocks, which are all nearly vertical, 
is very narrow here — not more than half a mile in width — and are 
mostly concealed by debris. 

Mr. Murphy thinks that there are eleven beds of coal within the dis- 
tance of one-fourth of a mile, all nearly or quite vertical in position, of 
which the one opened is probably the oldest. The mine is opened on 
the north side of the creek, and may doubtless be followed above water 
line several mUes to the northward, toward Coal Creek. 

On the south side of Ealston Creek the same bed has been opened, 
and the indications are that it may be followed the same way soath- 
ward toward Golden City. The entire surface is so covered with super- 
ficial deposits, and grassed over, that it is impossible to work out these 
beds in detail, and the artificial excavations afford us the most reliable 
knowledge. A hundred yards or more west of the coal bed there is a 
high ridge running parallel with the mountain range, cappetl with lower 
cretaceous sandstones Fo. 1. 

This ridge extends southward, with some interruptions, beyond 
Golden City. 

At Golden City the xipheaved sedimentary rocks are so swept away 
that the metamorphic foot-hills are plainly visible. No rocks older than 
the red beds or trias are exposed, and these somewhat obscurely. Tlie 
red and gray sandstones lie close on the sides of the metamorphic rocks, 
inclining 30° and 54°. In the trias there is a bed of silica or an aggre- 
gation of very fine grains of quartz which has attracted some attention, 
and close to it a layer of bastard limestone or calcareous sandstone. All 
the beds dip at a high angle and lie side by side, so that one can walk 
across the upturned edges of them all, from the metamorphic to the 
summit of the tertiary. Outside of the cretaceous beds there is a small 
valley of erosion, and then come the tertiary beds. The strike of the coal 
strata is very neai-ly north and south, and, so far as I could ascertain, the 
sequence of the beds from within, outward, is as follows: 

1st. Kusty, yellow, soft sandstone. 2d. A bed of fire-clay. 3d. Coal 
about eight feet thick, ith. Ffre-clay. 5th. Eusty, yellow sand^one. 

The clay underneath the coal appears to be ten or fifteen feet thick, 
with one or two unimportant seams of coaL These beds have been so 
elevated that the upper edges have passed verticality 5° to 10°. The clay 
is much used for fire-brick and potter's ware. In the bed of sandstone, 
above the coal, we found several impressions of leaves of deciduous 
trees, among them a Platanm, probably P. Jutydent. From these we 
pass across the edges of a series of beds of sandstone, with intervening 
strata of iron ore. The thickness of all the tertiary beds here must be 
1,200 to 1,500 feet. Near the outside is a bed of pudding-stone, and 
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outside or above this, the bed of potter's clay, which supplies the pot- 
tery at Golden City. About midway in this series of beds an entrance 
has been made exposing a second bed of coal. The surface is so grassed 
over that it is qnite impossible to make out the full series of beds 
dearly, but the softer strata are weU shown by the depressions between 
the beds of sandstones. 

The north mesa is two and one-half miles long and about one mile 
■wide. The south one is four miles long and about a mile wide. This 
one has an irregular surfiice and gradually slopes down eastward until 
it becomes a low ridge of tertiary sandstones and clays. The wall of 
basalt that surrounds the top is nearly perpendicular moat of the way 
round, fi-om fifty to one hundred and fifty feet in height The lower por- 
tion of the basaltic bed on the north side of the south mesa is very vesicu- 
lar, ftdl of rounded porous masses somewhat like slag, and rests upon the 
slightly irregular surface of a bed of flue fire-clay, vrhieh contains traces 
of vegetable remains. Below the flre-clay are alternate beds of sand- 
stone and arenaceous clay, inclining slightly east, and evidently pro- 
tected from erosion by the hard cap of basalt. These beds are plainly 
tertiary lignite, and must be six hundred to eight hundred feet tliick. 
The lowest bed of vesicular basalt is evidently more recent than the 
columnar bed above. 

Golden City is a thriving little town, located near the embouchure of 
Clear Creek from the mountains, which is called the " Golden Gate." 
Clear Creek Valley is very fertUe, and, in looking down upon it from the 
top of the mesa, it appears like a finely cultivated garden. The ridges 
of upheaval or " hog-backs" near Golden City are small and unimport- 
ant, owing to the erosion which has worn them down. But proceeding 
southward a short distance they increase in size. The tertiary ridges 
are most conspicuous until we reach Mount Vernon, about five miles 
south of Golden City, where the older formations are largely displayed. 
Here the tertiary beds are tipped past a vertical position and seem to 
incline toward the mountains ; but this is more apparent than real ; 
the top portion leaning over, while deeper in the earth the strata incline 
at a high angle from the moimtains. ■ 

Green Mountain is a lofty, grass-covered hill, and is entirely com- 
posed of the coal strata, while to the west of it is a nearly vertical ridge 
of sandstone. Just inside of this ridge, or beneath it, is a coal bed 
which has been opened by Mr. John A. Boe. The entrance to this mine 
is the finest I have seen in Colorado, and is 170 feet in length, through 
141 feet of sandstone with a slope of 45^, The sides and roof of the 
entrance are not protected. The bed of coal is nearly vertical in position 
at this point, though at some places where it is not wrought it inclines 
east 70°. There are three seams of coal, 4 feet each, in thickness with 3J 
feet of clay intervening. Below the coal there is a bed of clay 5 feet thick, 
and above 3 J feet arenaceous clay. Thecoal is close, compact, and makes an 
excellent fuel, and Mr. Boe, who is an old Pennsylvania miner, considerfit 
better than the bituminous coals for all domestic purposes, but for generat- 
ing steam and smelting ores he regards it as inferior. The ash is 
white, resembling pine-wood ashes, and the quantity is small. The coal 
at Murphy's, on Ealston Creek and Golden City, leaves a red ash. There 
are no cinders, and in burning it gives a bright, clear fiame ; and although 
it bums iron, it does not give sufttcient heat to weld it. I believe this 
to be a continuation southward of the Golden City bed. It is also the 
lowest of the coal strata in this region, for in the valley imnjediately 
west and on the sides of the ridge can be seen the dark c^ys of the cre- 
taceous beds. This ridge is very high at this place, and is composed of 
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the sandstones of No. 1, and a portion of the red beds or triassic(?). 
Still further west are two or three rather low ridges of yeUowish-gray 
and red sandstones, which cover the gneissoid rocks of the foot-hills 
of the mountains. By far the largest ridge here is the one containing 
the sandstones of No. 1, but it soon splits up into smaller ridges 
in its southern extension. 

About four miles further south, la the caiion of iJear Creek and Tur- 
key Creek, there are "Hue exhibitions of the beds of upheaval. The 
chalky shales of No. 3, with abundimt specimens of Inoceramtis prohle- 
maticxts and Ostrea congesta,forni a lowrounded ridge; then comesa nar- 
row valley worn into the black shales of No. 2; and then a high ridge 
of massive sandstone— No. 1— inclining 30° to 35o. On the western 
side of this ridge we see the projecting edges of the sandstone capping 
the ridge, and underneath the variegated marls and sandstones, with 
some of the brick-red beds. Then comes a series of rather low, i?.igged 
ridges; first a layer of sandstone and loose brick-red sand with gyp- 
sum ; dip 29°. Second ridge, a light gray sandstone with a rusty, yel- 
lowish tinge ; dip 34P. Then come three or four small ridges of deeper 
brick-red, or almost purplishred sandstone; dip. 29°. The intervals be- 
tween these ridges are composed of arenaceous shale. Among the red 
sandstones are two thin layers of bluish limestone, which is burned into 
lime. 

The foot-hills of the mountains are composed of gneissoid rocks. They 
form a wide belt or range below the main or Snowy Eange, rising 1,500 
to 2,000 feet above the unchanged rocks. These motamorphic ridges or 
hills are well grassed over in many instances, and rounded, and so cov- 
ered with debris that it is almost impossible to seethe layers in posii^on. 

On the little creek there is a small mill for grinding the gypsum into 
plaster for various economical purposes, and also for sawing the sand- 
stone into forms for architectural puriwses. The gypsum is amorphous, 
but very white and pure, and would make the finest of casts and 
moldings. Some of the layers are susceptible of a high polish like 
the California marbles, only they are of a more uniform white color. 

Up among the foot-hills, good crops are raised, especially all kinds of 
garden vegetables. As fine wheat as I have ever seen was growing on 
Mr. Morisson's ferm, at an elevation of at least one thousand to fifteen 
hundred feet above Denver. 

At Harriman's, on Turkey Creek, is an excellent place to observe the 
junction of the sandstones and the gneissoid rocks, and I could not de- 
termine that there was any discordance, the dip of all being 25° to 35°. 
The slopes of the hills, as well as the rocks themselves, show the incli- 
nation verj' clearly. The metamoi-phic rocks are distinctly stratified as 
any sandstones, and we find.altemate beds of syenite, mica schist, horn- 
blende slatOj coarse aggregated quartz, feldspar, and mica, regular gneis- 
soid rocks, inclining at a high angle in the same direction as the sand- 
stones. , 

For a long distance there is an apparent conformability of the Sedi- 
mentary rocks to the metamorphic; but I am melined to'^think that it 
is not real or permanent, Both north and south of this point the two 
classes of rocks do not conform. 

Near the summit of the sandstone ridge No, 1, on Turkey Creek, there 
is an aspbaltum spring, which has been wrought for oil. A consider- 
able thickness of the sandstone seems to be thoroughly saturated with 
the pitch or bitumen, and between the layers of the sandstone are ac- 
cumulations of the tar. This spring is located on the east side and near 
the summit of the " hog-back," 
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About twelve miles southwest of Denver, between Turkey and Bear 
Creeks, are some remarkable soda lakes, -which are of unusnal interest. 
They are the property of Dr. Burdsall, of Denver, in whose company I 
made as careful an examination of them as my time would permit. There 
are. four of these little lakes, and ai'e all located on middle cretaceous 
rocks. The principal one lies just east of a low rounded ridge of creta- 
ceous shale, No. 3, and is surrounded on the other sides by low ridges of 
superficial sand and gravel. A little west of this cretaceous ridge thei'o 
is a lake, a fourth of a mile in length, but on account of the springs flowing 
into it irora the sloping sides of the sandstone ridge No. 1 the water is not 
strong. The black shales of No. 2, cretaceous, underlie this lake. The 
soil for twenty feet in depth is fully impregnated with the aoda; and on 
the surface of one of the lakes is a crust which looks Uke dirty ice. A 
shallow ditch which Dr. BurdsaU has made out into the lake a few feet, 
has a deposit of sulphate of soda at the bottom in a partially crystalline 
state, one and a half inches thick. Three and a half bari'els of the water 
make one barrel of the sulphate of soda, and three pounds of the soil, well 
leached, makes one pound of the salts. The salt, by analysis, contains 
sisty-three per cent, of the soda, and the water about thirty-tbreeper cent. 
It contains carbonate of soda, sulphate of soda, chloride of sodium, sul- 
phide of calcium, and a trace of magnesia. It would seem that these 
deposits of soda must at no distant period play an important part in the 
industrial oi>erations of Colorado. These soda salts can be manufac- 
tured into bicarbonate of soda, can be used iu refining gold and silver, 
also for the manufecture of glass with silicic acid. There is an unlimited 
amount of soda at this locality, and it can be- procured at a mere nominal 
cost- 
Within a few yards of these lakes, and located in the black, shaly 
clays of cretaceous formation, No. 2, are considerable quantities of brown 
iron ore of superior quality — as good as the best observed iu the boulder 
coal strata. It occurs iu the form of concretions, and occupies a very 
limited area. 



CHAPTER II. 
FROM DENVEK TO COLORADO CITY. 

The city of Denver is located on the tertiarj; rocks which contain the 
coal beds of the west, about ten to fifteen miles from the base of the 
mountains. The surface is so thickly covei'ed with superficial drift de- 
"posits that the basis rocka are seldom seen; but we have every reason 
to suppose that the same beds of coal that are exposed by the upbftmg 
of the formations along the immediate flanks of the mountains, extend 
eastward into the plains, and of course underlie, at certain depths, the 
city of Denver. * 

As we pass southward, up the valley of the South Platte, we find the 
tertiary sandstones exposed occasionally iu the banks of the river; and 
near the canon a seam of coaJ has been opened and worked to some 
extent. The tertiary beds extend quite close up to the foothills of the 
mountains, leaving a comparatively narrow space for the exhibition of 
the older, unchanged rocks. Still, we may walk across the uptiu:ned, 
edges of them all and study them with care. 

The valley of the South Platte presents a fine display of the terraces ; 
and the drift, filled with water-worn rocks, is very iMck. The sand- 
stones of the tertiary formation are also iilainly seen, appearing to be 
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nearly horizontal, although not more than ten uiilos in a straight line 
from the metamorphie lOGka. The whole prairie country has been ao 
planed off- that it is iinely and gently rolling, and the drainage is excel- 
lent. The streams which flow from the sides of the mountains are fed 
by perpetual springs, and are consequently persistent and uniform in 
their amount of water, affording the best water-power in the country. 

From the soda lakes to the great " divide" the cretaceous and tertiary 
beds, outside of the No. 1 sandstone ridge, are smoothed down and 
grassed over so that they are not conspienous, though there are expos- 
ures enough to guide the geologist. They are so concealed by superfi- 
ciid gravel and sand that tliey present no good sections either to show 
the strata or dip. This regularity of the surface renders the Platte 
Valley, as weU as those of its branches, remaritably fine for farming 
and grazing, and vast herds of cattle already cover the grassy hills aud 
plains. The terraces and benches which extend down irom the foot of 
ttie mountains are well shown. 

Along the Platte Eiver, near the canon, a coal bed was opened at one 
time, but now it is covered with loose material which has fallen from 
above, so that it is entirely concealed. The strata here are nearly ver- 
tical. There are two beds of coal, in aU about Ave feet thick, separated 
by about two feet of clay. The coal is not very good, and has not been 
used for three years. It is probably the same bed seen at Golden City, 
thiuning out southward. 

Along tlie Platte and Plum Creeks, the streams cut heavy beds of 
boulder gravel and fine sand, and it is under this deposit the coal is 
found. The valleys of the South Platte, and its branches, between Den- 
ver and the mountains, are exceedingly fertile and productive, aud at 
this time they are covered with splendid crops. Near^or quite all of the 
available bottom lands are already taken up by actual settlers, and are 
under cultivation. The present season has been unusually favorable for 
farming throughout the west. 

The plain countiy south of Denver comes close up to the foot of tte 
mountains, So that the belt of upheaved sedimentary rocks grows nar- 
rower and narrower until, a few mQes south of the Platte canon, they 
cease entirely for a time. The ridges are very high, ranging from four 
hundred to six hundred feet above the bed of the Platte. To the south- 
west can be seen, rising like a range of mountains, the high "divide" 
between the waters of the South Platte and Arkansas Eivers, covered 
quite thickly with pines. 

The first main ridge contains a few layers of No. 2; alternations of 
clay and sand passing down into the sandstones of No. 1. This ridge 
is quite massive and incHnes 43°. In the channel of the South Platte,- 
the distance from the outside of the ridge containing the sandstones of 
ITo. 1 to the metamorphie rocks, is not mox-e than half a mile. Prom 
this point to the " divide" the ridges are split up and much crowded. 
The reddish and variegated sands ace wora, by atmospheric agencies, mto 
the most wonderful and unique forms, equal to the " Garden of the 
Gods," only on a much smaller scale. Here also the red and variegated 
sandstones jut up against the metamorphie rocks as if the continuity 
•wan unbroken. Indeed, the apparent conformity is complete. 

The hills of the first range, composed of metamorphie rocks, are curi- 
ously rounded and grassed over, and are made np of a reddish, decom- 
posing granite. But, as we ascend, these peaks or rounded cones become 
sharper, ttie sides more rugged, aud the rocks more compact. 

As we go southward the indications of beds of Jurassic age become 
more and moi-e feeble. Under the massire sandstones of Ko. 1 are a 
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series of yello-w and white sands and sandstones passing down into 
briclc-rcd sands. Among tliis series of variegated beds are two tliin 
beds of limestone. One of these is a very white rocli, and on its weath- 
ered surface are small masses of chert, which appear to have the struc- 
tnre of corals. This bed is sis or eight feet thick. Separated by eiglit 
or ten feet of sandstones is another layer of blnish limestone, which is 
much used for lime. I have never been able to detect any well-defined 
organic remains in these beds, but I believe a portion of them, between 
tlie lower cretaceous No. 1 and the true red beds, are of Jurassic age; 
and it is even possible that a portion of the red beds are of that epoch. 
Prom tie point where the Union Pacific railroad crosses the Laramie 
Mountains to Colorado City, I have been unable to find any well-marked 
carboniferous or silorian rocks. The red sandstones, which I have been 
accustomed to regard as triassic, jut tip against the metamorphie rocks, 
or are the only exposiwes that meet the eye of the geologist. I do not 
believe that the carboniferous beds are altogether absent, for limestones 
of considerable thickness, and containing characteristic fossils, occur at 
Granite C£«ion, on the Pacific railroad, high up on the margins of the 
mountains ; and also at Colorado City, about two hundred miles to the 
south. In this long interval I have been imable to discover any well- 
defined earboniferoua or ailurian rocks, yet I am inclined to think that 
the' carboniferous beds, at least, exist underneath all the other sedimen- 
tary roeks, but are not exposed by the upheaval. 

About five miles south of the Phitte Canon the upheaved ndges come 
close up to the mountains, and are not worn away, but form tbe north- 
ern side of the divide, so that the entire series of unchanged rocks known 
in this region are exposed in regular continuity. A little further south 
we come to a series of variegated beds of sands and arenaceous clays, 
nearly horizontal, resting on the upturned edges of the older rocks. 
These beds form the northern edge of an extensive tertiary basin of com- 
paratively modem date, either late miocene or pliocene age. Prom the 
point of theu- first appearance, about five miles south of the South Platte 
Canon to a point about five miles north of Colorado City, these beds jut 
up against the foot-hills of the mountains, inclining at a small angle, 
never more than five to eight degrees, and entirely concealing all the 
older sedimentary roclrs. The upheaved ridge entirely disappears. Par 
off to the eastward stretches this high tertiary divide, givin g rise to a large 
number of streams, as Cherry Creek, Running Water, Kiowa, Byou, and 
other creeks. Through this basin also flows Monument Creek, winch 
has become so celebrated for its unique scenery. The beds of this forma- 
tion are of various colors— reddish, yellow, and white — and of various 
degrees of texture, from coarse pudding-stones to very fine-grained 
sands or sandstones. There is very little lime in the entire series of 
beds. There is much ferruginous matter in all the beds, to some of 
which it gives a rusty brown color. The valley of Plum Creek is scooped 
out of this basin. The high ridge to the eastward is capped with coaise 
sandstones and pudding-stones. Along the immediato sides of the 
mountains the rocks are mostly coarse pudding-stones, the water-worn 
pebbles varying in size from a grain of quartz to a mass several inches 
in diameter. But as we recede from the mountains, eastward, the sedi- 
ments become fiuer and finer until the coarse pudding-stones d^appear. 
I am of the opinion that the materials composing the beds of this group 
have been derived from the mountain ranges and vicinity. In their 
general appearance the rocks of this group resemble the prevaUing rocks 
which cover the country from Port Bridger to Weber Canon, and also 
a series of sands and sandstones along the Gallisteo Creek below Santa 
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T6, which I shall call the Gallietco sanil group. To this gronp of 
modern tertiary deposits I have given the provisional iiame of the 
MoDiiment Creek group, and they occupy a spa«e of about forty iniles 
in width from east to west, and fifty miles in length north and south. 

Continuing our course southward, we find some curious mesas in the 
valley, of West Plum Creek. We ascended one lofty butte, with a flat 
table summit, situated west of the Plum Creek road. The top of this butte 
18 about one thousand feet above the road, and is capped with a rather 
close-grained, cream-colored rock, which looks quite porphyritic, iilty to 
one hundred feet thick, and plainly of igneous origin. It fractures 
into slabs which have a clinking sound. The beds below are quite 
variegated, of almost ©very color and texture, mostly fine sand, brick 
red, deep yeUow, rusty red, white-ash colored, dull black, &c. The rusty 
iron layers sometimes form a sort of limonite, hut are composed largely 
of an aggregate of water- worn pebbles cemented with the silicate of 
iron. There are also thick beds of quartzose sandstone, or an aggregate 
of crystals of quartz and feldspar, so compact as to look like a coarse 
granite. These large masses afEbrcl good illustrations of the process of 
weathering by exfoliation. 

The evidence is clear in a number of localities that at a late period in 
geological history there were dikes or protrusions of igneous material 
which flowed over these Monument Creek sandstones in broad sheets 
or beds; and these broad, table-top bnttes and mesas are the evidences 
that are now left after erosion. 

This modem tertiary basin is veiy interesting as the introduction of 
a new feature in the geology of this region. The appearance of the 
country also undergoes a decided impi'ovement. The great divide is 
covered rather thickly with pine timber. It is full of excellent springs - 
and fertile valleys which give origin to numerous streams. The grass 
18 excellent and abundant, even upon the summits of the table lands. 
For a distance of ten miles about the sources of Plum Creek the red 
vni °^ ^^^^'^ J"* square against the sides of the metamorphic foot- 
hills of the mountains. The projecting summits of the upturned ridges 
gradually fade out in importance. Thev have also lost their usual regu- 
lanfy, and are split up into an indefinite number of fragments of ridges, 
varying in dip from ten to forty-five degrees. Near the water divide 
tiiese ndges gradnally close up again toward the foot of the mountains 
and are entirely concealed by the sands and arenaceous clays of the 
Monument Creek group. 

la the valley of West Plum Creek and its branches, as they emerge 
from the mountains, we have a fine exposui-e of the sedimentary beds. 
Ihe coarse, yellowiah-gray sandstones and pudding-stones of the Monu- 
ment Creek group incline slightly, perhaps three to five degrees. Then 
come the sandstones of the lignite tertiary, incliniDg twenty-five degrees. 
Then west of West Plum Creek are some ridges of cretaceous rocks. 
The first ridge is made up of a rather impure Umcstone, filled with well- 
defined species of Inoceramus and other shells, of No. 3 or middle creta- 
ceous. The next ridge west is composed of No. 1, and the intermediate 
valley is underiaid with the shales of No. 2. Among the brick-red 
ndges is one low ridge composed almost entirely of gyiisnm— an unusual 
development of this material— to the thickness of thhty or forty feet. 
There is an extensive series of low ridges of red and gray sandstones 
extendmg up the base of the mountains. 

The high portion of countiy, which is plainly visible from Denver when 
looking southward, and from the Arkansas Eiver looking northward, 
would seem to have been protected from erosion by causes which I can- 
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not yet well explain. The water divide ia the long bench which extends 
down from the very base of the mountains eastward, and forms the line 
of separation between the soarces of the streams which flow southward 
into the Arkansas on the one side and into the South Piatte on the other. 
This water divide is weU worthy of especial notice, inasmuch as it is 
composed of the Monument Creek formation, and juts up against the 
almost vertical metamor[jhic rocks, retaining its nearly horizontal posi- 
tion, and perfectly concealing all the older rocks for at least Ave miles 
north of the line of separatiou. 

The valleys of Plum Creek and of its branches are quite wide, and 
are scooped out of the modem deposits so as to Ibrin a most beauttfiil 
and fertile lands, while on 6ach side a bench extends down from the 
mountains like a lawn. The series of older rocks are exposed by the 
stripping off of the newer tertiaries in the valley of Plum Creek. The 
bench on the north side conceals them, for the most part, close up to the 
foot of the mountains, while on the south side they are entirely concealed 
irntn they reappear near Colorado City, 

The divide forms a high ridge with a mesa-like top, stretching far east- 
ward beyond the horizon, covered with pines. On each side the beds of 
whitish-yeUow and reddish sandstones appear like fortifications, holding 
" a nearly horizontal position. Near the foot-hills there is a narrow val- 
ley, perhaps one-fourth of a mile wide, and lying against the sides of the 
mountains ace remnants left after the erosion. I at first mistook them for 
the red triaasic beds, but on a close examination Ifound them to be a coarse 
aggregate of feldspar and quartz, colored extensively with iron. There 
ai-e inclosed in the rock various water-worn pebbles of all sizes and 
textures. This rock decomposes readily, especially by the process of 
exfoliation. The whole rock is so massive and compact that it might 
easily be mistaken for a metamorphic sandstone. 

Just south of the first branch of Monument Creek there is a fine ex- 
hibition of the erosion of the sandstones. At one locality they lie snug 
up against gneissoid rocks, showing the discordant relations perfectly. 
These illustrations seem to show plaLnly that the sediments of this recent 
tertiary deposit have all been derived from the disintegration or erosion 
of the metamorphic locks and peihaps the older sedimentaiy beds in the 
immediate vicinity 

In a beautiful httle basm near Monument Creek, which leads to the 
creek, is a lone pillir or column of sandstone, three-Cornered, with the 
strata perfectly hoiizontal, about thirty feet high. The sands compos- 
ing this are coarse and of a yellowish or whitish color. It has been for 
a long time a favoute object foi the photographer. 

At one point on Monument Creek the red granites, high up on the 
mountain side, show the perpendicular lines of cleavage in a marked 
manner. Some of the openings are several feet wide. The strike of 
these lines of cleavage is about southwest and northeast. 

For a considerable distance, some ten or fifteen mUes, along the imme- 
diate base of the mountains, on the west side of Monnmeufc Creek, the 
long, smooth, grassy benches slope down toward the creek, sliced as it 
were or cut by the numerous little branches. These lawn-like slopes or 
benches vary in height. Sometimes on the side of a little branch, where 
the valley is deep, there is an intermediate terrace or step to the higher 
ridge. 

AU these valleys seem to be occupied by farmers and stock-raisers. 
Almost every available spot is taken up by actual settlers. 

The first range of mountains on the east side, from the divide to a 
point near Colorado City, appeai^s to me to present a fine illustration of 
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what I have called an abrupt aQticlmal; that is, only the ahmpt side of 
the western slope appears here. The eastern side has either heen worn 
away or was never elevated to a great height, and is now concealed 
by the recent deposits. The summit of the metamorphie ridge projects 
far over the base of the mountains, and the western side of the monoeli- 
nal shows a gentle slope. That this eastern portion of the metamorphie 
anticlinal may have been elevated and then fell back, or may not have 
been elevated at all and still exists beneath, is shown from the fact that 
the sediment^ary ridges or "hog-backs" gradually diminish in dip to the 
point of concealment. 

The little streams which flow into Monument Creek, as well as the 
creek itself, cut through a coarse material of various colors with irregu- 
lar layers of deposition. Sometimes a layer is hardened into a coarse 
sandstone, and then comes a thin layer of ironstone or impure limonite, 
but the whole ia a quartzose material and rather coarse. There ai'e now 
and then thin seams of fine sand or clay. Near the stage station there 
is a bluff of rather massive whitish sandstone, with some thin beds of 
clay at intervals. There is much iron in these rocks, and this aggregates 
In the form of a rusty layer, quite hard. The light-colored sandstones 
below are weathered into most singular columnar or monument-like 
forms, with this layer of rusty sandstone as a cap protecting the summits. 
There are some dark bands of arenaceous clay, and in the sandstone a 
few rounded concretions. 

About six miles north of Colorado City the upheaved ridges or "hog- 
backs" reapjiear from beneath the quartzose sandstones of the Monu- 
ment Creek group. The white massive sandstones of the lower creta- 
ceous he high on the mountain side. The first ridge that we pass through 
along the road is a whitish brown, rather yielding sandstone, with rusty 
yellow portions, with very irregular lamince of deposition. The strike 
18 southwest and northeast, and the dip 32°. This is a bed of the lig- 
nite tertiary. 

High up on the sides of the mountains, for ten miles or more about 
the ^)da Springs, there is a great thickness of red porphyritic granite, 
inclining from the mountains in well-defined ridges, hke sandstone. 
From their very deep rusty-red color, I regarded them as sandstones 
until I made a close examination of them. They have a well-marked dip 
of forty-five to fifty degrees, somewhat less than the massive granite 
rocks which form the nucleus. All these ridges rise like steps toward the 
range of which Pike's Peak forms a part, with the sloping sides toward 
the northeast and the summits leaning over toward the axis of elevation. 

These very red granitoid rocliS have formed a very conspicuous fea- 
ture on the eastern side of the mountains for thirty miles or more north 
of Colorado City; and, as they readily decompose, the hills and roads 
are paved with the ciystals of feldspar and quartz. The constituent 
which predominates is feldspar, which gives the red color. This rock is 
composed of a coarse aggregate of quartz and feldspar with a little black 
mica, and now and then a little pencil-like crystal of hornblende]" The 
rock itself does not seem to be so red, but the debris has a dull rusty- 
red color in the distance. Upon the summits of the mountains about 
Pike's Peak are columns of massive granite— immense rounded masses, 
standing one upon the other, giving a most picturesque appearan<!e to 
the. scenery, and affording fine illustrations of the style of weathering. 

The unchanged rocks are here seen resting directly upon these dull 
reddish granites. The lower beds are composed of a more or less fine- 
grained sandstone, with some small pebbles, variegated in color, passing 
up into rocks of a semi-erystalhne texture. Most of the rocks appear as 
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if they had been partially changed by heat. There is every variety of 
texture, mostly silicious, but some layers appear to bo an impure lime- 
stone. 

For a space of about ten miles irom north to south, and an average 
width of five miles from east to west, about Colorado City, all the 
unchanged rocks are displayed in a unique and remarkably clear man- 
ner. The ridges of upheaval are spread out over an unusuaUy wide 
space. Here every formation known in this region is distinctly revealed 
to the senitioy of the geologist. 

Beguining in the plain country we have the sands and sandstones 
of the Monument Creek group in a perfectly horizontal position, and 
separated from the older rocks by a valley about half a mUe wide. It is 
through this valley, which runs neaily north and south, that the road 
passes. The Monument (!reek group is seen on the east in the form of 
a rounded grassy range of hills; while on the west side the cretaeeoua 
formations are exposed in the form of upheaved ridges. I have no 
doubt but that this intervening valley is underlaid by lignite tertiary 
beds, for as we enter it from Monument Creek vaMey we have an expo- 
sure of the sandstones of this group for a little distance, revealed by the 
stripping off of the Monument Creek sands by erosion. They very soon 
" pass beneath the more recent deposits. On the west side of the road, 
near Camp Creek, which flows through what is called the second "Gar- 
den of the Gods," we find the chalky shales of No. 3 with Inoeeramm and 
Ostrea congesta in great abundance. All the cretaceous rocks, including 
the massive sandstones of No. '1, are finely displayed in this region, and 
No. 1 forms a most picturesque and nearly vei-tical w^ for six to ten 
miles, as it were inclosing the "Garden of the Gods." There is one 
peculiar feature presented by these nearly perpendicular walls of sand- 
stone, and tliat is, two quite distinct lines of cleavage, but not quite as 
regular or as well defined as in the gneissoid rocks of the mining regions. 
These lines cross each other, one set with a direction northwest and 
southeast, and the other southwest and noi-theast. 

The rocks included in this wall-like ridge are layers of fine black shale, 
fine sandstone with bits of vegetable matter, and a thin seam of earthy lig- 
nite. Then come beds of whitish sandstones, with thin layers of limestone 
made up of indistinct fragments of fossil shells, wiii bed of snowy 
gypsum; then a series of whitish, yellow, and brick-ted sandstones, with 
intervals of loose, laminated sands, which form a kind of grassy valleys. 
Id passing np the Fountain Creek valley we cross the upheaved edges 
of twenty or thirty of these fragmentary ridges, all, inclining at various 
angles, from ten degrees to sixty degrees. It is to the peculiar weath- 
ering of these variegated upturned ridges of sandstone that the wonder- 
fidly unique scenery of the "Garden of the Gods" is due. In some 
localities some of these beds seem to pass over beyond verticality 3° 
to 6°. The compositiou of these sandstones is mostly fine sand, but 
often it is an aggregate of minute particles of quartz, with some small^ 
rounded pebbles. All the beds exhibit the indications of ripple 
marks, uTcgular lines of deposition, and in most, the water-worn pebbles 
are small, but sometimes they are from six to ten inches in diameter. 
The upper portions of the variegated beds are a light brick red, with 
spots and irregular layers of whitish sandstona 

As we pass to older beds this red color deepens until it becomes a dull 
purple hue. There are in all these 8andsfc<mes a great many irregular 
seams of gypsum. Everywhere among these curious projecting ridges 
of sandstone are beautiful grassy intervals, To show the irregularity 
of the dip of these rocks, the ridges that give the most marked features 
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to the picturesque scenery incUue eighty to eighty-five degrees, and then 
immediately west are several low ridges dipping fifteen to twenty degrees. 
There is a somewhat extensive cave in the north portion of the sand- 
stone ridge that forms the entrance to the "Garden of the Gods." It is 
caused by the washing away of a soft layer, about three feet thick, by a . 
little stream of water that trictlea down from the summit of the ridge. 
These vertical ridges of red sandstone rise above the surface about two 
himdred and fifty feet. Just east of the entrance or gate, about fifty yards, 
Is a wall of white sandstone, with seams of impure, gritty gypsum ruu- 
ning through it in every dii-ection, forming a kind of net-work. The 
strike of these ridges is nearly north and south. 

At Crater's Falls, above the soda springs on Fountain Creek, there 
is a remarkable eaiion, in which the unchanged sedimentary rocks are 
seen to rest directly on the red porphyritic granites. At no point along 
the eastern base of the mountains, from Laramie Peak southward, have 
1 seen the two classes of rocks so fairly in apposition. The metamorphic 
rocks beneath are quite massive — a deep rusty red ; an aggregate of crys- 
tals of feldspar and quartjs, with some black mica. The cleavage lines 
are shown with gi-eat distinctness, but the lines of stratification in the 
two kinds of rocks do not pi'ccisely correspond. I think that the strat-a 
of hotii groups incline in the same direction, but the granites seem to be 
more st^ply inclined. As I have before remarked, there seems to be a 
conformity in very many localities, and sometimes extending over large 
districts, between the unchanged and changed rocks, but I am inclined 
to regard this conformity as more apparent than real, 

The rock which rests directly upon the granites at tliis locality is a 
sandstone, totally unchanged, as if it had t>een deposited on them in cool 
and rather quiet waters. It is composed of minute crystals of quartz, 
considerably rounded by attrition, and cemented with silicate of iron. 
This sandstone is quite massive, with streaks or seams of small pebbles. 
We have tliem resting upon the granites, then alternate layers of light 
gray, and rusty reddish sandstone— forty feet; then a very deep dull 
purplish sandstone with dark spots — two hundred feet. Above this a 
thinly laminated yellowish-white limestone, of various degrees of fineness, 
with vast quantities of crinoidal remains, some corals, small univalves 
&c. This limestone must be from three hundred to four hundred feet 
thick. The dip of the rocks is distinct, as the little streams have cut 
the most perfect sections. Sometimes masses of these rocks are lifted 
high on the summits of the mountains, in an almost horizontal position, 
then again they dip ten, twenty, or thirty degrees in different directions. 
A few hundred yards to the northeast of the Crater Palls, on Foun- 
tain Creek, there is a little branch which flows down from the mountains, 
and has cut out of the rocks a most remarkable canon. The limestones 
and sandstones are here shown most perfectly in the vertical walls, for a 
mile Or more resting on the granites beloWj and inclining not more tlian 
50 to 100. , 

About four miles northwest of Colorado City is what is called the 
second "Garden of the Gods," through which flows Camp Creek. The 
area is much smaller than that of the first Garden of the Gods, but the 
scenery is even more remarkable. The entrance is through a kind of 
gateway, cut by the creek at right angles to the ridge of lower creta- 
ceous sandstone No. 1. This ridge forms high walls, with a dip to 
the east of 55° to 60°. Then comes, inside of this wall, a narrow belt 
of what must be Jurassic limestone, some portions being of a bluish color 
and brittle, filled with indistinct animal remains. Then comes the gyp- 
siferous sandstone, with a bed of snowy gypsum, gradually, passing into 
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light brick-red, and deep, dull, purpUah sandstones. Here again the 
sandstones are worn into wonderful shapes — columns, peaks, &e. All the 
sedimentoiy rocks are reduced to a narrow belt, and the ridges are 
crowded together into a space of hardly a mile in width, and on the foot- 
hills of the mountains are the deep, dull, red sandstones and limestones 
of the carboniferous resting upon the red granites. The walls of the 
Camp Creek canon show all the carboniferous beds in their relation with 
the granites most perfectly. Upon the weathered surface of the reddish 
limestones I found a number of specimens of brachiopodons shells. 

A short distance north of this cauon^ the Jurassic and carboniferous 
beds are seen in a nearly vertical position, and lying in perfect apposi- 
tion, showing complete continuity. It is therefore my opinion that there 
is no diseoManey in the unchanged beds, from the granites up to the 
Monument Creek group. The latter never conform to the beds below, 
while I am inclined to regard all the instances of apparent conformity 
of the sedimentary rocks with the metamorphic as not real but accidental. 
As the ridges emerge from beneath the Monument Creek group at the 
north end of the second Garden of the Gods, the trend is a little east of 
south, and they finally bend around so that they jut up against the 
.base of the mountains a httlo way south of Colorado City, with a trend 
nearly east and west. 

About five miles east of the base of the mountains, and four miles 
northeast of Colorado City, Mr. Gehrung has a land claim where a coal 
bed crops oat of the bank of a creek. Above the coal is about eight or 
ten feet of clay, and below there is also a bed of clay, and the coal 
above aiid below gradually passes into the clay. This clay ia filled 
with fragments of vegetable matter, some seeds and plants. The clay 
passes up into fine sand. In the distant hills, the beds of whitish mas- 
sive sandstones are weathered into fortification-like bluffs. The coal is 
very light, varies much in thickness, from a few inches to five or six feet, 
and seems to be a sort of jet. There are several other localities where 
the carbonaceoua clay crops out in the valleys of the little branches, and 
it occurs ia the Monument Creek group, and therefore must be of very 
modern date. There are also, in the clays above and below the coal, con- 
siderable quantities of imi)ure brown iron oi'e. 

Perhaps the feature of the greatest general iuterest in this region is 
the Soda Springs, which are located about three miles above Colorado 
City, in the valley of Fountain Creek. The water issues from the ground 
very near the junction of the sedimentary and metamorphic rocks, close 
by the base of Pike's Peak. The scenery around them is grand beyond 
any that I have ever seen in the vicinity of any other medicinal springs. 
There are fourof them. The flrstoue isclose to tieroad and within fitty 
feet of the creek, and perhaps at this time ten or fltteen feet above its 
bed. The violent bubbling up of the water would indicate the issue of 
a large supply, but there can hardly be a gallon a minute. JFor a 
distance of sixl^' feet or more around the spring there is a deposit or 
incrustation in thin layers. Its thickness I could not determine,' 
though it is pTObably not more than six or ei^t feet. About twenty- 
five feet west of the present opening there is another which formerly 
gave exit to the water. It is about five inches in diameter. The sediments 
deposited around these springs seem to be filled up with foreign mat- 
ter, introduced during deposition. Portions of the deposit are very 
hard and filled with small cavities, lined with a whitish, partially crys- 
talliue material, probably carbonate of lime or gypsum. 

About one hundred yards above the first spring is the second one, 
on the right side of the creek. This is much tSe largest one and 
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has formed a basin six or eight feet across, from tlie center of whicli 
boils up a most violent current, so that one would suppose there was 
watt!r enough to make a good-sized trout brook, and yet not more than 
five or six gallons a minute issue from it. A small stream about four 
inches wide, and an inch deep, passes off into the ci-eek. About this 
spring, also, there ia a large deposit, which is rounded off on the side 
toward the creek by the overflow of the water from the spring. 
■ On the opposite side of the creek, not more than twenty feet from it, 
and located abontteu feet aboveit, is a third small spring. Thewateris 
stronger tbau that of the others and is used principally for drinking 
purposes. The cavity in this deposit is about twelve inches in diameter 
and the water twelve inches deep, and the bubbles rise continually and 
energetically, but not more than half a gallon of water a minute passes 
off. There is now a constant deposition of a whitish aubstance from 
the spring, and it extends to the margin of the creek. Between the sec- 
ond and third springs are two massive red felspathic granite boulders, 
a coarse aggregate of feldspar, quarts, and some black mica. Oneof these 
boulders, which lies on the left side of the creek, must be at least twenty- 
five feet in diameter, and is partially rounded by atmospheric influences. 
The other is perhaps six feet in diameter and hes in the middle of the 
stream, and between the two, in a space of three feet, the greatei' part 
of the water of the brook rushes down with considerable force. 

The fourth spring is perhaps fifty feet above the second, on the right 
side of the creek, and withm four feet of the water's edge. There is no 
sediment deposited around it, and, although the water bubbles up some- 
what, it is rather chalybeate than otherwise. The taste is scarcely 
perceptible, and but little notice is taken of it by tourists. 

The basin of the second spring is about four feet deep and is used for 
bathing. The first three springs are strongly impregnated with car- 
bonic acid gas and are the true springs, 

These springs must necessarily have their origin in the metamorphio 
rocks, although the waters may pass up through a considerable thick- 
ness of the older sedimentary beds. On both sides of Fountain Creek 
there is a considerable thickness of the carboniferous beds, but the creek 
seems to run through a sort of monochnal rift, though at the falls above, 
the stream ciits through the ridges nearly at right angles. At any rate, 
there cannot be a very great thickness of the unchanged rocks below 
the sui^ce at the springs. 

As these springs must at some period become a celebrated and popu- 
lar resort for invalids from all parts of the world, I will add an analysis 
of a fragment of the incrustation mentioned above, as given in Fremont's 
report, page 117. 

Carbonate of lime 92.25 

Carbonate of magnesia 1. 21 

Sulphate of lime, chloride of calcium, chloride of magnesia 23 

SUica '1- 5*> 

Vegetable matter -20 

Moisture and loss *■ 61 

100.00 

"At 11 o'clock, when the temperature of the air was 73°, that of the 
water in this was 60°.5 ; and that of the upper spring, which issued from 
fhe flat rocks more exposed to the sun, was 69°. At sunset, when the 
temperature of the air was 66°, that of the lower springs was SS'^, and 
that of the upper 61°."— Fremont. 
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CHAPTEE m. 

PnOM COLORADO CITY TO SPAHI8H PEAKS. 
_ Looking toward Colorado City from the south, it would seem that the 
rift, or pass in the mountains through which Fouatain Creek (FontaAne qui 
bouillej flows, formed a line of separation between the ranges of moun- 
tains ; that the north range died out suddenly, in its southern extension, 
at this point. There is a plain valley of separation Tisible. 

A little below the city, the ridges, or ' ' hog-backs," flex to the southwest 
and jut up against the base of the mountains and disappear. These 
mountains are of that abrupt type which I have before referred to ; that 
is, they form the west portion of an anttclinal, the east half of which is 
not visible. These mountains I call abnipt because the summits are 
formed of projecting masses of rocks leaning over eastward beyond the 
base, where this class of mountains occur. The sedimentary beds jut up 
against the base without any special dip, or, at any rate, there is no wide 
belt of upheaved ridges, but tlie most recent formations in the region 
lap on to the base of the mountains. The immediate eastern range north 
of Colorado City, and the one sotith, are, it seems to me, flue illustrations 
of this statement, and I am more and more convinced that it is correct. 
Passing over that portion of the country south of Colorado City, be- 
tween Fountain Creek and the base of the mountains, the upper creta- 
ceous beds, Fo. 4, are quite extensive, with Baoidites ovatus and Imce- 
ramm in great quantities. The cretaceous rocks are weU shown, espe- 
cially the upper portions, in the valley of Fountain Creek, from Colorado 
City to its junction with the Arkansas Eiver. A niunber of species of 
fossils, especially shells and saurian remains, are found quite abundantly. 
There are also scattered about, remnants of the Monument Creek group; 
and below Colorado City these recent tertiaries occupy considerable area, 
and reach a good thickness. ■ 
_ But the most conspicuous feature that we observe is the vast quan- 
tity of granite boulders scattered over the surface near the base of the 
mountains, extending at least to Fountain Creek. They diminish in size 
as they recede from the mountains, and are not much worn. 

About ten miles below Colorado City the "hog-backs" appear again • 
faintly in the form of one or two narrow ridges. The lofty mountain, 
rising up abruptly two thousand or three thousand feet above the base, 
stops suddenly^ and lower granite ridges, with their eastern sides sloping 
and covered with grass, come in. 

About fifteen miles south of Colorado City a little wooded stream that 
issues from the mountains seems to form the northern limit of a high 
ridge, which at first extends from the foot of the mountains in the* form 
of a pretty high "hog-back," bat soon passes down southeast into the 
variegated sands of the Monument Creek group. From this point to 
within a few miles of the Arkansas, the recent tertiary beds are quite 
prominent. The mountains seem also to be composed largely of igneous ' 
rocks. 

About fifteen miles south of Colora-do City the road to CaBon City 
passes among the upheaved ridges which form a very narrow belt at 
first, but continues to increase in width until we come to the valley of 
the Arkansas, where they spread out to a great breadth. 

At the point south of Colorado Oity where the upheaved ridges reap- 
pear, the mountains begin to break up into low hills and fragmentary 
ranges which continually run out in the plains. Indeed, the entire 
©astern flank of the mountains, as we pass from the north southward. 
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exhibit an irregular but distinct "en echelon" airangement ; and at a 
number of localities, the ranges will pass off in the prairies, south or 
sontheast, in groups, thus causing an abrupt notch or bend m the range. 
There is also in the caSon of the Arkansas an extensive bow or notcJi, 
-where the upheaved ridges are very conspicuous and numerous, where 
the complete series of formations, in their regular order of sequence, are 
thrown up to the vision. „ n . v ■ 4. 

After entering among the upheaved ndges we find the lower creta- 
ceous sandstones forming a conspicuous ridge, uiclining thirty degrees 
to forty degrees about northeast. Then come the variegated sandstones , 
and the brick-red beds inclining at various angles as heretofore descnbed. 
Before reaching the Arkansas some of the ridges become very large and 
high, from five hundred to sis hundred feet. In very many localities, 
for a-long distance, the red sandstones lie distinctly against the granite 
hills Not unfrequently for fifty miles or more along the eastern base 
of the mountains, all the unchanged beds have been worn away from the 
metamorphic, and a smooth, grassy valley intervenes, so that it is some- 
times difiicult to flud the two classes of rocks in contact. 

About ten miles north of the Arkansas we have an immense ndge, at 
least eight hundred feet high, capped with lower cretaceous sandstones, 
and below them fine arenaceous sands, clays, thin beds of hmestone pass- 
ing down into variegated layers, with a heavy bed ot gypsum, from 
fifteen to thirty feet thick, at its base. This bed of gypsum seems to 
form a sort of dividing Une between the brick-red beds and the varie- 
gated sandstones above. Passing Beaver Creek we co^e into a fine oval 
park, with the large ridge on the east side, and the low red sandstones, 
which lie on the granite, on the west side. This park is about four miles 
long and half a mile wide. The bed of gypsum is very conspicuous. 

iS the vicinity of the Arkansas Valley the cretaceous formations he- 
come quite apparent, and while there seemsto he no marked hue of sep- 
aration between the divisions, yet portions of Nos. 1, 2, 3, 4 aud 5 can 
be distinctly seen. On OU Creek, near Canon City, there are high iso- 
lated hills which show the black shales of No. 4, gradually posing up 
into the rusty arenaceous clays of No. 5. High on the flanks of the 
mountains can be seen the carboniferous beds, inclining at large angles. 
The hnis are covered with small pines, mostly the pmon, (Fmm edultsj 
but aU the lumber has to be brought from a distance of thiriy or iorty 

High up in the foot-hills of the mountains, in the valley of Oil Creek, 
a branch of the Arkansas, are the celebrated OU Springs. There are 
four of them from which oil is taken, but they are near together, and 
probably all come from the same source. The oU seeps out through 
sandstone seventy or eighty feet beneath the surfiiee. A hole has been 
bored down throe hundred feet, but no regular reservoir has been found. 

About four thousand gallons of refined oil have been made here per 
year, for the past three years. There are many impurities in the crude 
oU - twelve per cent, benzine ; fifty per cent, heavy oU ; the remainder is 
tarandnitrogenousmatter; muchofitisparaffine,andparafflneoil. There 
is also about fifteen per cent, of useless matter. I saw more than twenty 
barrels of refuse oil at the spring, which bad been rejected from the 
refinery. This is used for greasing wagons, &c. Specific gravity iJ8. 

The lower cretaceous rocks rise in vertical cut bluffs, four hundred 
to six hundred feet above the oil springs, and the creek cuts through 
the upper pari] of the variegated beds. The course of Oil Creek is nearly 
south. A range of mountains extends down along the east side of the 
creek, and runs out before reaching the Arkansas, and on the west side 
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the variona formations are shown in a nearly horizontal position, or 
inclining southwest at a small angle. Indeed, Oil Creek flows through 
a sort of synclinal valley in part, and near the source of it the red or 
triassie beds rest upon the granites. All along this creek, where the 
unchanged rocks are well shown, the lower cretaceous beds seem to 
pass down into a narrow belt of ashen gray sands and sandstones, which 
continue down into a variegated series of heda, a part of which I regard 
as Jurassic. ■ 

Near the oil springs there are, above the reddish beds, six layers of 
massive sandstones, varying from ten to twenty feet thick, with seams 
of arenaceous clays, from a few Inches to ten feet in thickness. These 
rocks exhibit all the indications of shallow water deposition in places, 
but not a fossil of any kind could be found, and, therefore, it is dif- 
ficult to determine whether they are lower cretaceous or Jurassic. 

As to the sources of this oil, I could gain no rehable information. The 
borings have gone down into the pudding-stones of the lower triassie, 
and yet no reservoir has been found. It is not known but that the oil 
may come up from the granites. Great quantities of salt water issue 
from the springs with the oil, and the oil is taken from the surface of 
the salt water. 

At Gallon City, where the Arkansas comes out of the mountains, 
on the south side of the river, the principal ridge or " hog-baclc," which is 
composed of No. 1, dips 34°, and has a trend about southwest; whUe on 
the north side the long ridge, of which there is a very high one, like a 
lofty wall, composed of the sandstones of No. 1, while a lower outer ridge 
is mitde np of the fine calcareous sandstones of No. 2, filled up ivith 
JjiocerawMMs. It is &om this low ridge that the stone for building pur- 
poses is obtained. It is not very durable, but works easily and makes 
handsome structures. This regular wall extends northward, bordering 
the plain in a straight hne for five or six miles, and is very conspicuous. 

Issuing from the ground, between the ridgesof cretaceous No. 1 aiid No. 
2, in the valley, about a mile above Caiton City, is one of the finest mineral 
springs we have seen in the West. Itisquite small, but the water is de- 
licious. It is doubtless the same, essentially, as the springs at Colorado 
City. 

Just back or inside of this sandstone wall No. 1, is an ashen-gray bed 
of arenaceous layers, with a bed of fine silicious limestone, containing 
what seems to me to be indistinct fragments of freshwater shells. This 
belt passes down into the red pudding-stones below. Passing up the 
Arkansas a few hundred yards further, we come to the metamorphic rocks. 

About four miles below Canon City, on the Arkansas Biver, are some 
isolated hUls, looking in the distance like fortifications, composed of Nos. 
4 and 6 cx'etaceous, capped with a rusty yellow sandstone, which I regard 
aa the lowest bed of the coal formations. 

Both the cretaceous and tertiary beds seem to dip southwest five to ten 
degrees, while on the south side of the Arkansas the tertiary beds inclinen 
rather northeast, so that there is an obscure synclinal which shows thS 
influence of the ranges of mountains on each side of the valley. The coal 
strata have all the characteristics of the older tertiary sandstones, as 
shown in the Laramie Plains, 

Between CaQon City and Hardscrabble Creek, the tertiary beds jut 
up against the Wet Mountain range, concealing all the older rocks. 
About half a mile east of Canon City, the high cretaceous ridges are seen, 
and then they disappear beneath the tertiary beds, and reappear at the 
head of Hardscrabble Creek, about thirty miles to the eastward. 

High up the foot of the granite hDls of Wet Mountain, an obscure syn- 
4GS 
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elinal valley can be aeeu, tlirougli wliich flows a small branch called Oak 
Creek. The dip of the tertiary beds on either side is nowhere more 
than ten degrees, seldom more than five degrees. The coal ci-ops out in 
many places. In the sandstones are the peculiar concretionary forms 
which are common in these beds everywhere. Their general appearance 
points oat tJieir age to the eye at once. 

About ten miles below Canon City a coal bed has been opened and 
wrought to some extent. I obtained here the foUowiug section of the 
strata: 

9. Sandstone and clay to the snmmit of the hill - 30 to 40 feet 

8. Carbonaceous and arenaceous clay - 10 feet. 

7. Yellowish, gray, soft, fine-grained sandstones - 10 feet. 

6. Carbonaceons clay, passing up into laminated clay - 20 feet. 

5. Coal - - - - - - Ifoot. 

4. Drab carbonaceous clay - - - - 10 feet. 

3. Coal _ - - - - - 5 feet. 

2. Drab clay - - - - -4 to 8 feet. 

1. Yellow ash-colored arenaceous clay, passing down into a yellowish 
gray sandstone. 

In the clay are nodules of iron ore, which are full of impressions of 
deciduous leaves, like (ialix, Platanm, Thuya, and a broad flag-like plant 
are abundant. 

All through the clay there is a yellow powder, oxide of iron, and seams 
of gypsum. Much selenite is scattered through the beds of clay aiid 
coal. The plants, so hir as I have seen, are found in the clays just above 
the coal. 

The yellow arenaceous clays of No. 5, in the Arkansas Valley, pass up 
into a somewhat extensive series of what I call mud beds, composed of 
alternate thin layers of clay and mud sandstones, with all binds of mud 
markings, sort of transition beds or beds of passage. In the upper 
portion of these layers I foimd an impertect specimen of Imeeramm. 
This group of beds is from fifty to one hundred feet in thickness. Eeating 
upon them is a thick bed of rusty yeUow sandstone, which I regard as 
the lower bed of the tertiary deposits, and marks their commencement in 
the Laramie Plains, on the Ai-kansas Biver, and the Raton Mountains. 
Belowfhesebeds of passage thereis a yellow, arenaceous, marly clay, full 
of iron-rust concretions, with an abundance of small bivalves and other 
shells, with Bacvlitea ovatm — ^plainly No. 5. 

It is now clear that the Canon City coal formation occnpies a very 
restricted area; that the entire thickness of the beds cannot be more 
than six hundred to eight hundred feet; and that it is an isolated portion, 
protected from erosion in a manner not easily explained, and that it was 
once connected with the same formations in tlie Laramie Plains, about 
T>ftnver; southward in the Eaton Mountains, and most probably also 
with those containing coal in' the valley of the Bio Grande. The area 
occupied by the coal beds lies east of Caiion City, between Wet*foun- 
tain and the Arkansas Biver, with the eastern hmit three or tbui- miles 
before reaching Hardscrabbl© Creek. It is about twenty miles from 
eastto west, and Jive to eight miles wide from north to sonthj and only a 
small portion of it will furnish coal. The coal itself is quite gowl for 
the purposes of fuel, bnt the beds are not thick, and the quantity is not 
great. There is the usual quantity of brown iron ore connected with 
these beds. . 

The Arkansas Biver flows through the synchnal depression, below 
the mouth of Hardeera bble Creek. 
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It may be that the older rocks are elevated under the debris close to 
tbe foot of Wet Mountain, but no beds older than the eretiaceous can be 
seen. The upper cretaceous beds extend up close to the mountains, 
oftentinies capped with the tertiary, inclining not more than tive to ten 
degrees. 

At the head of Hardscrabble Creek the ridges of uitheaval or " hog- 
backs" begin to show themselves again in a narrow belt which i-apidly 
widens out^ so that before reaching Greenhorn Creek they have spread 
out to a width of several miles. 

On Red Creek, which is about eight miles south of Hardscrabble, 
there is the finest exhibition of the yellow massive chalk passing down 
into the gray marl of So. 3 that I have seen south of the Upper Mis- 
souri. In the channel of this stream and its branches there are vertical 
walls eighty to one hundred feet high, looking much like irregular mason 
work. Some of the giay portion is a very hard limestone^ and contains 
a large, apparently undescribed species of Inoceramus. Between Eed 
Creek and St. Charles there are other exhibitions of the cretaceous 
rocks, but especially of the quartzose sandstones of No. 1, which, at the 
foot of the mountains, are cut through by the numerous little branches 
in a most picturesque manner. The little streams run through vertical 
■(calls eighty to one hundred feet high, forming most interesting eailous, 
and revealirig aU the peculiarities of stnieture of this sandstone. Some 
of it is eoarse and friable, dther portions are compact silicious rocks; 
others, a pebbly conglomerate. All the Ulustrations of irregular layers 
of deposition, ripple or wave markings peculiar to sandstones, are found 
here; also, admirable examples of slickensides. The jointage, which is 
very marked, is vertical, at right angles to the lines of stratification, and 
most essentially assists atmospheric agencies in wearing it away, so that 
the sides of the walls are often very rugged, and immense cubical blocks 
have fallen down by the water's side. 

The different formations all along the flanks of the mountains are 
exposed by the upheaval of the mountains, and lie in belts or zones, 
which ai'e sometimes concealed for a distance by recent tertiary deposits 
or by debris; or they are narrow or wide at different points, and their 
conditions are only to be deterinined by personal inspection. 

At the head of St. Charles Creek aU the rocks incline gradually down 
from the mountain side. K"o..l dips thirty degrees and slopes gently 
down until it reaches a nearly horizontal position in the plain. West 
of this first high ridge is a line valley in which are beautiful, cultivated 
farms. The red beds are weU shown, and I have no doubt but that the 
carboniferous limestones are exposed on the sides of the mountains. 

Just before reaching Greeidiorn Creek all the small ridges and the 
first high one run out in the plain, and the mountains flex around 
toward the southwest to form the notch for the Sangre de Christo Pass, 
The ridges of elevation and the side ranges, like Wet Mountrain, have a 
general trend about northwest and southeast, and all the lower ridgeg 
run out in the in'airie, and Wet Mountain ceases at tlie pass. 

On the north side of Greenhorn Creek, near Hicklin's Banche, No. 2, 
is a rusty arenaceous limestone, full of slmrk's teeth, mingled with a 
small species of Osirea. The arenaceous limestone is attached to a gray, 
fine-grained sandstone, and is rather concretionary in fonn. Just on 
the opposite side of the creel^ and apparently holding a higher position, 
are ttie quartzose rocks of No. 1. Around tlie south end of the Wet 
. Mountain, the cretaceous beds, Nos. 2 and 3, in the form of dark clay, 
and yellow, chalky shales, present bench-like hills, extending down at 
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right angles to the strike of the range or eastward, and present an east 
fl'ont with nearly horizontal strata. 

All the ridges along the flanks of Wet Mountain have a geneml strike 
of northwest and southeast, and run out in the plain. Wet Mountain 
also flexes around slightly so as to end nearly or quite in a south trend, 
while the ridges appear again on the southwest and west side, ruuniug 
up into Huerfano Park. Here we see on the west side of the Wet Mount- 
ain range, the red beds and cretaceous formatious, corresponding to 
those on the east side. The park is largely occupied with the calcareous 
shales of No. 3. 

Just before reaching Badito, in the Sangre de Christo Pass, there is a 
long ridge, extending down westward from the Wet Mountains, which is 
composed mostly of the red and white sandstones of the triassic, inclin- 
ing twenty-five to thirty decrees. At Badito we find mostly a reddish- 
gray quartzoso sandstone like No. 1, and it forms the foot-hills of the 
mountains. As usnal the dip of the bed is in various directions and at 
different angles. Tbe Huerfano Creek is a fine stream with a moderately 
wide valley which is all cultivated by Mexicans. Huerfano Park is 
about fifteen mUes long and from three to five wide, and is already filled 
with settlers. It is surrounded on all sides by mountains composed of 
igneous and metamorphic rocks. Black Butte, the principal peak of Wet 
Mountain range, appears perfectly round or mammiform and is basaltic. 
Scattered over tlie area of the i)ark are several outbursts of basalt. The 
cretaceous beds dip soiith in some places ten to twenty-flve degrees; in 
others they are nearly horizontal. As we ascend the pass by the road 
we can see three considerable ranges called thq Veta Mountains — one 
range on the north side and two on the south side — all igneous rocks. 
They all have sharp sierra-like summits. 

These dikes have so heated the sedimentary rocks in their ricinity 
that we have here every variety and grade between unchanged and 
changed rocks. The summits and sides of these mountains are covered 
with a continuous mass of debris of broken rocks, and this mass has the 
api>earanee of being just ready to fall down, like an immense land-slide. 
On the sides of tlie mountains near the pass are belts of quartzose sand- 
stone, some of it a pudding-stone — really forming a portion of those seen 
on the west side, for I do not think we come to tbe axis here until we 
find the granitic- belt, some eight or ten miles west of the Immediate 
summit of the pass. We therefore have the cretaceous rocks, limestones, 
and sandstones, and then the reddish sandstones at the summit, and 
then farther west the full series of carboniferous lune^tones. Prom the 
divide between the Greenhorn and Cuchara creeks, looking southward, 
is one of the most extended and beautiful views on our route. The long 
level benches extend down from the mountains, apparently breaking otf 
ftom point to point, and appearing high at the place broken. These 
benches are planed otf so as to look like long tables, and, with tbe valleys 
betweeu thera, seem to me to show clearly the direction of the ersdiug 
force. All these benches ai-e underlaid by the soft sandy marls of Nos. 
2 and 3, cretaceous. 

Huorfano Butte rises up in the midst of the jdain in the valley of 
Huertkno Creek. The rocks are basaltic, some portions a true syenite. 
It is evident that it is a portion of a dike which has extended north- 
east from the mountains. Much of the rock is massive igneous granite. 
Pragmentsof cretaceous clays, changed by heat, are scattered around tbe 
butte. It seems to me that this is a dike, thrust up betbre the super- 
incumbent beds were swept away, and that the igneous material never 
reached the surface in a melted state. The butte is about two hundred 
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feet bigh, the rocks being of a dark steel-gray color. There is no evi- 
dence that the underlying strata have been disturbed by this bntte. 

The evidences of igneous protrnsions are everywhere abnndant, south 
of this point, for two hundred miles. The Spanish Pealcs I regard as a 
gigantic dike, with the strike about northeast and southwest. The entire 
surface of the country, &om the Spanish Peaks to the Eaton Mountains, 
is penetrated with dikes, which often reacli far across the country with 
a trend about northeast and southwest. The cretaceous rocks are in 
many places much changed by contact with the fluid mass, and in some 
cases the strata are somewhat disturbed. The clays are turned into 
elates and the sandstones into dark steel-colored rocks, much like the 
basalt itself. In No. 2 1 tbund a species of Imcermius, very distinct, and 
a Modiola. 

About ten miles before reaching the Apishpa Greek the tertiary sand- 
Btones bagin to show their abrupt blufe on our right. 1 am convinced 
that beds of this age entirely surround the Spanish Peaks and the 
mountains in the vicinity. This abrupt front continues north of the 
Eaton Mountains until we come to Trinidad, and presents a singular feature 
in tlie scenery. It would seem to form a sort of a shore line of a won- 
derful basin, as if a body of water had swept along and washed against 
these high blufl's, as along some large river. That these beds once ex- 
tended far out into the plains eastward, seems clear, and tie evidences 
of erosive action are enormous. • Here, abrapt bluffs which form these 
different shore lines are four hundred to six huudi-ed feet high above the 
creeks, and the dip of the strata is about- five degrees west or southwest. 
In the plainsto the eastward are isolated mesas, which are left as monu- 
ments to showthat these, beds, with theigneous outpourings, onceextended 
over a large part or all of the space to the eastward, which now looks so 
finely leveled off like a meadow. This wall-like front extends sixty or 
eighty miles in a nearly direct line southward, capped with a thick bed 
of basalt, for the most part. 

Just east of the Spanish Peaks a distinct synclinal can be seen in the 
tertiary beds. They dip slightly from the peaks, and from the bluffs 
they dip gently toward the peaks, enough to produce a distinct depres- 
sion of considerable length. I do not know why the tertiary strata 
incline toward the mountains, unless they have been partially elevated 
by the dikes. 

As far to the southward as the eye can reach, the country looks rugged 
and mountainous, with some curious mesa-like summits covered thickly 
with the pinon. These tertiary beds are composed as usual of alternate 
beds of rather yielding sandstones of all textui'es and composition, with 
clays, some of which are carbonaceous. The harder beds project out 
from the sides of the hills, whUe the softer beds are smoothed off and 
covered with grass or other vegetation. 

Near a stage station, about ten miles south of Apishpa Creek, theereta- 
ceons days, No. 2, are cut through by a small creek, so as to reveal threp 
dikes within the space of thirty ifeet. The first is well defined ; four inches 
wide, vertical, looking like a stratum of dark brown sandstone standing 
perpendicular ; strike twenty degrees north of east. Second dike, strike 
northeast and southwest; four feet ivide. Third dike, northeast and 
southwest, from twelve to eighteen inches wide. The clays are not dis- 
turbed, and are perlfectly horizontal, but so changed on each side of the 
dike that the cleavage has the appearance of stratification. I am con- 
vinced that in the cgae of these small dikes the melted material has been 
thrust up through the cleavage openings. There are very many dikes 
in this region, all of which have a similar direction. I suspect that in 



(by Google 



54 SURVEY OF COLOIiADO AND NEW MEXICO. 

all cases of dikes tliese cleavage openings are lines of least resistance, and 
form the apertares for tbe exit of melted material, and that the sur- 
rounding strata are not disturbed only where the pressure from beneath 
is too great. I would simply suggest^ however, that it is quite probable 
that as thei* are in nearly aU rocks two sets of eleiivage lines crossing 
each other at certain augles, so there are two sets of gigantic cleavage 
Unes for the earth's surface, which have formed the lines of least resistance 
to the elevation of the mountain ranges — the basaltic ranges in most 
instances having a strike northeast and southwest, while the metamor- 
phic ranges trend northwest and southeast. The eruption of the igneons 
rocks is an event subsequent to the elevation of the metamorphic ranges. 
Sometimes the eraptive i-ocks seem to trend northwest and southeast, or 
nearly so. 

On the hills surrounding Trinidad are great quantities of impressions 
of deciduous leaves in the rocks. The most conspicuous, as well as 
abundant, fossil, is a species of fan palm, undoubtedly Sabal cwmpbelln, 
which occurs in tlie lignite beds on the Upper Missouri. This plant 
would seem to have formed lie dominant tree in ancient times, much like 
the palmetto of Sonth Carolina. In some places the calcareous .sand- 
stones are hlled with this plant for miles. There are also, in considerable 
abundance, leaves of the JWajjwoiMt, PZatonws, iawnt*, &c., and,sofarasI 
can determine, identical with the species found on the Upper Missouri. I 
do not doubt for a moment that all the coal beds of the Baton Mountains 
are tertiary and belong to the great coal system which has already been 
traced over such a wide area. In a little dry creek I obseived an out- 
crop of coal, about two feet thick, mtli drab clay above, fiUed witli brown 
irou ore, and above this a gi'ay laminated sandstone. In this sandstone 
a huge specimen of the Sabal was found. 

About four or five miles up the Purgatory River, above Trinidad, on 
the south side of the creek^.I examined two openings that have been 
made for coal. It is the same bed in both places, and is abontfour or five 
feetthick at the ontcroi). Underneath it, is a sort of indurated sandstone 
witli very irregular laminse, with thin layers of vegetable matter. 
Immediately beneath the coal is four to six feet of drab arenaceous clay, 
with large concretionary masses of iron ore of excellent quality; above 
the coal is drab clay passing up mto sandstone. These openings for 
coal are about fifteen tfeet above the bed of the creek, and the strata are 
neai'ly horizontal. The clay above the coal at the other opening, not 
far away, is, perhaps, eight feet thick, and full of iron ore, with leaves 
like wiiiow and nnts and small filiform leaves like grass. The clay is 
a drab steel color passing gradually up into a very rugged sandstone with 
projecting hard layers, which give a wall-like appearance to the bluff-like 
sides. From the Spanish Peaks to Trinithid, and along the Pm-gatory 
Creek for four miles above, the black shales of the cretaceous ai-e visi- 
ble. Usually in this region these drab shales pass into a series of 
altenmte clays and sandstones in thin layers, and upon them re§ts a 
conspicuuso bed of rnsiy yellow sandstone, which I have regarded as the 
lowest bed of the tertiary seiies. Abedofsandstouepreciselysimilarto 
this, and holding the same geological position, occurs at Canon City and 
the Laramie Plains, But at tliese localities the intermediate cretaceous 
beds, 'Sob. 3, 4, and 5, are not absent, while in the Eaton Mountains the 
sandstone seems to rest directly upon the lower cretaceous formation, 
No. 2, I have searched this sandstone over an area of. many miles for 
fossils, and I only succeeded in finding one obscure fragment of a marine 
bivalve hke the clam, whUe in the mud beds and shales below, speci- 
mens of luoceramws are common. I make this sandstone, therefore, the 
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Hm of separation between the teitiwy and cretaceous formations in this 
region. If this is true— and I am confident that it is— there is an entire 
-want of continnitj in the sequence of the beds. ^, «.^.i. 

In a dry gulch, about two miles west of Tnnidad, there is a bluff with 
about thirty feet of black cretaceous shales, Ho.. 3, with an irregular 
surface, on which is deposited ten to fifteen feet of partially worn pebbles, 
held together by a carbonate or silicate of lime. Much of it loolcs like 
tufa In this place there is quite a deposit of what appears to be tlie 
excrement of birds or bats, but which has been oftentimes mistaken for 
the indications of petmlcuin. This deposit of pui'ding-stone seems to 
be quite common, and is well shown in the banks of all the dry creeks. 

Eaton Peak is the highest point in this region, and I have eetimated 
it to be about eight hundred to a thousand feet above Purgatory Creek. 
It is cappetl with a huge mass of basalt, and underneath it is a great 
thickness of the tertiary strata, some layers of which are fuU of impres- 
sions of leaves. I distinctly recognised 8»«, Flwtanm, Coriio, Coims, 
andPoi)«ii». Inthcmuddy»andstones,justnndemeolhthecoalbed,are 
anabundanceofaspeciesofpineeoneintheformofoasts. 

Crossing the i-oad, about four mUes west of Ti-midad, is a beautiful 
■ illastraaon of a dike, about twelve to fcurteon inches wide, with a stnke 
twenty degrees south of east, and a slight inclination southward. It is 
thrustun thi-oughaconsiderable thickness of thelower tertiary beds. The 
rock seems to be very heavy, though full of cavities, JUed witj a whitish 
substancewhichcut3easilywithaknif(^calcitoorcarbon»teoflinie. Ibe 
hills north of Fischei's Peak; flirough a bed of coal. A little further the 
massofthorockshasarather bright, black color. Thisdikerunsalougthe 
road and passes over another dike, which is more obscnre and not as well 
defined. On the east side of the road are several outcroppmgs of coal 
in the sides of the hills. The coal is about four feet thick, with arena- 
ceous clay above, passing up into sandstone. 

About five miles south of Trinidad, on the east side of the road, is 
another exposure of the coal in the banlis of a little creek, which is 
worthy of notice. From the water's e<lge up there are layers ot fine- 
grained sandstone fiUed with bits of vegetable matter. Above this comes 
i bed of black shale, tour feet, passing up into a gray sandstone, rather 
concretionary and irregular in its line of deposition. This bed is fifteen 
or twenty fiset, sometimes solid sandstone. Then in a httlo distance it 
wiu he separated by a bed of shale or black slate. Above the sandstone 
is shale with iron ore: then about two feet of mud sandstone; then very 
black chiy, nodular in some places— the middle portion impure, earthy 
coal— five feet ; then twofeet laminated bluish gray sandstone, with stems 
and bits of vegetable matter scattered through it; then black coaly shale, 
—-eighteen inches : passing up mto a layer of good coal— twelve inches; 
black shal(^four feet; theiialayer of sandstone— three inches; then black 
shale passing up into arenaceous clays; then black shale— six leet; then 
abed Jf coal— six or seven feet. Immediatelyabove the coal bed, without 
any day. Is an irregular gray, rusty sandstone, fuU of concretionary 
layers and readily yielding to atmosiiheric indnences. Then comes drab 
arenaceous clay- threefeet; good coal— four feet; drab ai-enaceous clay, 
with very large concretionarj' masses of brown iron ore. This clay bed 
must be fifteen or twenty feet thick, passing up into a i»ft yellow sand- 
stone, fifteen or twenty feet thick, and capping the fii;st hdl. Then 
alternations of sandstone and clays continue tar up the distant bibs tor 
hnnilreds of teet, until we reach the mesa or basaltic cap. Here some 
coal beds show plainly along the road for six or eight mfles above Trin- 
idad, and still higher up on the hills, now conceahjd by vegetation, I 
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have no doubt that there are heds of coal. The mesa, of which Eaton 
and Fischer's Peaks form parts, ia undoubtedly the overflow of a dike, 
which seemed to take a general direction northeast and southwest, and 
toward the northeast aiipears to incline about ten degrees. 

In ascending the Baton Mountahis by the road the cretaceous beds 
soon disappear; the tertiary come in with coal and soon disappear in 
turn. The dip of these beds I found difficult to determine, and, I think, 
when there is any, it is local, and that in the aggregate they may be re- 
garded as nearly horizontal. Just betbi-e reaching tlie toll-gate, near Mr. 
Wooten's, the sandstoneinclines northward about fifteen degrees. Fear 
the toll-gate, by the side of the road, abed of impure coal, two feet thick, 
has been exposed. In a ravine further south there is an opening from 
which coal is taken for fuel, the bed being four feet thick and of excellent 
quality. This bed has some impiu-e coal above and below, and wlien 
opened I think that it will prove to be from six to eight feet thick, good 
coal. The grass and debris so cover these hills that it ia impossible to 
get a connected section of the beds, but the usual clays and sandstones 
occur above the coal. 

Toward the southern end of thepass there are some perpendicular walls 
of sandstone which show a vertical cleavage, strike southeast and north- 
west. In this sandstone are two or three small seams of coal, two to four 
inches thick, which break the lines of cleavage and interrupt them. Tliis 
sandstone is from one himdred to one hundred and lifty feet tihick, and 
immediately beneath it is an irregular bed of the alternate IJitu layers 
of the mud sandstone and day, which I have called a bed of passage 
between the cretaceous and tertiary of this region. I call it a sort of 
mud shale, as the sediments seem to indicate a continuous mud flat, 
with the surface of tlie sandstones and shales covered with all sorts of 
mnd markings. As we emerge from the Eaton Mountains southward to 
the plains we find a large thickness of this mud shale with the sandstones 
above. There seems to be three hundred to four hundred feet of sand- 
stone, with a cap of basalt. At the foot of the hills there is a dike with 
a strike northeast and southwest, with a width of about six feet. This 
dike is shown on the west side of the road in the form of a pile of hori- 
zontal columns, hke cordwood, iifty tfeet high or more. Some of the 
columns are five-sided, but mostly four-sided. 

All along our right hand the high hills are precisely as they were ii'om 
Spanish Peaks to Trinidad, These bluff-hills continue like an irregiUar 
wall as far as Maxwell's. They are cut up by side streams into cones and 
ridges, giving a wonderflil pictureaqueness to the scenerj-. This range 
of hills presents the same kind of shore-line as is seen north of the 
Eaton Hills, with the lower cretaceous shales and the sandstone in j nxta- 
position. On the east side of the road, broken portions of these ridges 
extend down southward or southeast. Scattered over this broad plain 
are buttes and mesas — isolated exhibitions of the basaltic rocks. The 
tertiai'y beds soon cease in the plains to the eastward, and the cretac^us 
beds occupy the country. That all this beautiful valley or plain on the 
east side of the Eaton Hills has been carved out of tlie tertiary strata 
appears to me most probable. Why the eroding agency left sueii a belt 
of hiUs as the Baton it is difficult for me to determine, hut I am (Us- 
posed to believe that it acted from the northwest toward the southeast, 
and ^as local. The direction of all the benches of cretaceous material 
left in the valley, as well as that of the mesa tops, has this general trend, 
and the map will show the numerous branches which tiow from the moun- 
tains into the Canadian Bivertlu'ough these tertiary hills. I have called 
the bluft-hills on the west side of the road a shore hne, because they pre- 
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sent almost vertical sides like the blnff's along the Missouri Eiver. These 
liUls show first lower cretaceous shales, from one hundred to one hundred 
and fifty feet thick, then fifty to one hundred feet of sandstone, the coal 
beds overlaid with sandstones again. When any of the little streams cut 
these beds, they reveal the coal, as in the Vermejo Creeli and others, 
ascending toward their sources. 

Near the Vei'mejo Creek I obtained the following general section 
ascending: 

Ist. Cretaceous shales, with Itioeeramtw and Ostrea. 

2d, Massive heavy bedded sandstone, yellowish gray, rather concre- 
tionary in its structure, and weathering by exfoliation. 

3d. Three thin seams of coal, with clay above and below, in all twenty 
feet in thickness. 

4th. Eusty gray sandstones, fifteen feet. 

6th. Claj', passing up into a thick bed of coal, apparently from six to 
ten feet thick. 

6th. Thecoalis overlaid tmmediatelybyasoft sandstone, which passes 
up into a heavy bedded sandstone, fifty to eighty feet thick. 

7th. One hundred and fifty feet of arenaceous clays, two beds of coal 
about midway, one twelve inches the other four feet thick, with a few 
" thin beds of sandstone. . 

8th. Capping the hiUs is a bed of sandstone of iudefinit* thickness. 

In the sandstone are immense rounded masses of a deep, dull reddish, 
rather flne-graiued sandstone, which is evidently concretionary. Many 
of these masses have fallen down on the sides of the hill, and are now 
disintegrating by the process of exfoliation. From these high hills on© 
can look with a fleld-gla-ss fitty to one hundred miles into the plains 
southeast, along the vaUey of the Canadian Eiver. A long, mesa-like 
ridge extends down from the mountains and finally dies out in the 
plains. I am confident that the conical hills on the north side of the 
Vermejo are six hundred feet above the bed of the creek. 

I am now satisfied that these tertiary strata extend close up to the 
mountains &om the Spanish Peaks to Maxwell's, and the only way I 
can account for the very slight disturbances of the sedimentary beds is 
the fact that the mountains to the west of them are mostly basaltic. 
The miners in the Moi-eno Valley regard it as very strange that gold 
mines and coal beds should be found in the immediate vicinity of each 
other. From the fact that these hills or mountains are composed 
almost entirely of horizontal strata of comparatively recent date, I 
think they should be called simply hills. They occupy quite_ an 
extensive area, and contain a vast quantity, of coal and iron 
ore, practically inexhaustible, however gTcat the demand in future 
years. The brown iron ore of this vicinity is the lichest I have 
ever seen in the West, and the coal is equal to any ever discovered 
west of the Missouri river, exceirt that in the Placiere Mountains of New- 
Mexico, Between the Cimarron and Rayada CreCks, a lofty ridgp, one 
thousand feet or more in height, extends from the mountains with-.a 
trend a little south of east, the dip northahont forty-five degrees. North 
from this ridge, which is composed of altered sandstones, the tertiary 
beds dip gently about five to ten degrees. Between these and the al- 
tered sandstone ridge is a cretaceous ridge, five hundred feet high, in- 
clining at a moderate angle. This ridge of altered sandstone seems to 
be a sort of side elevation or spur, prolonged eastward from the main 
range, and soon ceases. 

From Maxwell's to Fort Union the plain country is occupied by creta- 
ceous rocks, mostly the dark shales of No. 2, though the sand-- 
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stoneB of No. 1 appear now and tlien, especially in the vicinity of 
FortTJnion. Scattered all over tliis broad space are a vast number of 
conical buttes and mesas, so that the snrfEtce would seem to be pierced 
everywhere by dikes or outbursts of basaltic rocks. Since leaving the 
Arkansas Biver southward, the cretaceous formations seem to have in- 
creased greatly in importance, and here Mo. 2 seems to be enor- 
mously developed. After leaving the Cimarron southward, a peculiar 
configuration of the surface commence^ which has been gradually un- 
folding. ever since we left the Spanish Peaks. From this point to the 
Cimarron there was a commingling of features, those that result from 
the outpouring of the igneous rocks, and those from the weathering of 
the tertiary strata. South of the Cimarron, the vallies axe more narrow 
andniore shsirply defined, asare the cones andmesas, and theonly form- 
ations involved, so far as the .plains are concerned, are the igneous 
rocks and the lower cretaceous. The grass is excellent in the vallies, 
and the hills are covered -withpinon. No good timber is found any- 
where., so that the adobe method of building houses adopted by the Mex- 
icans would seem to have arisen from the natural deficiencies of the 
country. The mingling of the eroded material of the igneous rocks 
with the cretaceous clays, sands, and marls, seems to have produced a 
good soil. The vallies appear to have been carved out of the basaltic me- 
sas, sometimes ^vith wonderful regularity and beauty. There are sev- 
eral sets or series of mesas, as- it were. The higher mesas are covered 
with a great thickness of basalt with vertical sides, the basalt breaking 
into colnmnnr masses. The lower mesas seem to be more level or table- 
like, and are covered thickly with fragments of basalt. It is quite possi- 
ble that these different mesa^ represent different levels of the s«rfa(!e, 
prior to the outponring of the fluid material. Between Sweetwater Creek 
and OcabS, I found near the road Some yellow sandstones, filled ivith 
fragments of Ostrea, which I think belong to the upper part of No. 2, 

Near Oeat6, the i>eculiar carving out of the valleys by erosion is seen, 
presenting to the eye the most beautiful views that can be conceived 
of in the natural world. They seem to have been formed by the hand 
of art. No other condition of the sm'face could have admitted of their 
existence. The fluid material seems to have been poured out over the 
surface in one continuous and almost uniform sheet or layer, and these 
valleys are thus carved out of the mesas. The little streams cut narrow 
channels through these basaltic plains, sometimes verj- deep and often 
for mUes without a bush to mark the water course, so that they are not 
observed by the traveler until he is in close proximity to them. 

From OcatS Creek to Fort Union, the surface is covered with volcanic 
rocks, many of which are soporous as to seem like pumice. These masses 
are so light that they must have been scattered by the wind. There are 
great numbers of hills and ridges scattered in every direction, covered 
thickly with these igneous fragments. 



CHAPTER IV, 

FROM FORT UNION TO MOEA. 

Through the kindness of Dr. Peters, United States Army, the surgeon 
of Fort Union, I made a short journey to Mora Valley, about eighteen 
miles west of Fort Union, and 1 am also indebted very much to him for 
■ his knowledge of this country. 
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About due west of the fort is a long ridge whieli runs nearly north 
and south, and ia underlaid by the ciuartzose sandstones of No. 1. This 
ridge in cut through ih every direction by dry creeks, which show that 
the strata arc quite horizontal. The plateau or mesa-like summit is 
about Ave miles across, when we descend into a park-like area eroded 
out of the brick-rod beds in the Cayot6 Valley. The rocks o¥ the plateau 
are here seen to incline east from five to ten degrees, just revealing the 
upper portion of the brick-red beds. This valley is about three miles 
wide and perhaps five to ten miles inleugth, and atthe south end the creek 
cuts through the cretaceous plateau, forming a narrow gorge. On the 
west side we have the red upheaved ridge well shown, and all through 
the valley are fragments of low ridges inclining at moderate angles. 
Between the little branches of the creek and all around the borders of 
the valley are well defined terraces. This valley or park is beautifully 
grassed over, and the benches or ten'aces are as smoothly rounded off 
as they well can be. The surface is covered with water-worn bowlders 
and drift. On the west side of this valley the road passes through the gorge 
of the Mora Creek, and for nearly ten miles we travel across the upturned 
edges of the sedimentary rocks. There seem to be here two well defined 
series of red sandstones; the upper series we have described asunder- 
lying the park-like valley of the Cayote Creek, about three miles wide, 
and separated by lofty ridges of yellowish, gray sandstone on the east 
side; and then, west of the gorge, a second series of rather dull 
pmplish or dull brick-i'ed sandstones, all inclining in the same direction 
but at different angles. The low ridges of the upper series of red beds 
incline west fifteen, twenty, and thirty degrees. The highest ridge is 
composed of the yellowish gray sandstone that separates the two series 
of red beds, and is about one hundred and fifty feet high, and inclines 
thirty-three degrees. 

Passing np toe valley of the Mora the sandstones are of aU colors and 
textures, some of the ridges very fine, compact ; others coarse-grained, 
and yielding readily to atmospheric influences; others composed of an 
aggregate of particles of quartz and small water- worn pebbles. Among 
the pebbly sandstones there is a thin layer, perhaps a foot thick, of an 
ashen-gray brittle limestone. This second or lower series of reddish 
sandstones extends nearly two miles, dipping fifty to sixty degrees; in 
a few cases nearly vertical. The intervals between these ridges, which 
are usually from ten to one hundred yards wide, are grassed over and 
sometimes reveal the fact that they are underlaid by soft shale. Keither 
in the first or second series "of red beds was I able to detect any organic 



Within about three miles of Mora Valley we come to a series of alter- 
nate ridges of sandstones, limestones, and shales, inclining forty to fifty 
degrees. The first bed of limestone is full of fossil shells, JFYodwcttts, 
several species", Spir^era subtilita, S. triplicata, &c. Then comes a bed 
of micaceous siindstone, full of vegetable impressions of the genus 
Catamites, and large fruits or nuts. These beds incline sixty-five degrees. 
After this comes a coarse reddish sandstone, an aggregate of particles 
of quartz and worn pebbles, most of it a flue pudding-stone. Then comes 
about three hundred feet of reddish sandstone, then cherty limestone, 
with Produchts, Spirifera, and other species of true carboniferous types. 
Alternate beds of sandstone, limestone, and shale continue nearly to the 
Mora Valley — the beds of sandstone forming about nine-tenths of the 
thickness. From Fort Uniou to Mora, eighteen miles, we pass directly 
west, at right angles, to the mountain ranges, and over the upturned edges 
of the sedimentary beds from the lower cretaceous to the metamorphio 
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rocks. The sedimentary rocks all iucliiie iii the same airection, at various 
angles, from five to seven degrees. I cannot see that in this vast eeriea of 
ridges, any beds have been repeated, and, therefore,' there must be exposed 
here in a curiously consecutive manner from eight thousand to ten thou- 
sand tfeet, at least, of sedimentary rocks. The junction of the unchanged 
rocks with the gneissic beds is rather obscure, buj^ a bed of limestone 
seems to incline against them. From my observations from Las Vegas 
to Santa F6, 1 am satisfied that all along the mountains the carboniferous 
limestones rest directly on the granitic rocks. The valley of the Mora, 
in which the town of that name is situated, is one of the most fertile 
and beautiful that I have ever seen in the West. It is almost entirely 
surrounded by mountain ranges, and in the aggregate it forms a high 
quaqnaversal — ^that is, the rocks seem to incline from all directions 
towatd a common central point. It is about ten niiles long from east 
to west^ and two miles wide from north to south. It is in the tbrm of a 
ci-oss. At the east side is a long valley extending iive miles or more 
in each direction north and south from it. Either one of these valleys, 
taken separately, would form a synclinal. The whole, valley is in part 
worn ont of the gneissic rocks. Mora Oreek runs directly through it 
and every acre of it is under cultivation, and with the rude Mexican 
style of farming, prodncee most abundant crops. 

AU around this valley the elopes of the mountains show clearly that 
the metamorphic rocks incline from it at very high angles; and all 
acound the borders are foot-hills or low ridges, the remnants that are 
left after erosion, which show distinctly the direction of the dip. But 
the series of gneissic beds on the east aide of the valley are very interest- 
ing, consisting of alternate beds of black banded gneiss, and a coarse 
aggregate of feldspar and quartz. Some of the beds are composed of 
mottled gneiss. These beds all Incline to the west or northwest, at various 
angles from twenty degrees to thirty degrees. This series of gneissic 
strata extends nearly half a mile, and is plainly a remnant left after 
erosion. They incline in an opposite direction to the unchanged rocks — 
that is, there is no conformity. This is one of the most interesting points 
on our route in a geological point of view, and I regretted very much 
that I could not remain a longer time. 

About northeast from Fort Union there is a small range of mountains 
of some interest, called Turkey Hills. They seem to form a regular up- 
heaval with a line of fracture nearly northwest and southeast, and appar- 
ently independent of the volcanic forces that have once operated all around 
It. This mountain is well covered with timber, and the highest points rise 
fifteen hundreil te two thousand feet above the level of the plain at Fort 
Union. Entering the mountains nearly north of the fort, we pass up a sort 
of anticlinal valley ; the beds inclining in each direction at a small angle. 
None but the lower cretaceous sandstones and a portion of the upper 
series of red-beds are exposed anywhere in this range, which is about 
twenty-flve miles long and ten miles wide. Among the red-beds are two 
or three layers of bluish limestone, and underneath the oretaceous'is a 
bed of flue-grained whitish sandstone, which I am inclined to regard as 
Jurassic. From the summits of these mountains we can see the Spanish 
Peaks, Raton Mountains, and, indeed, the whole country round about 
for a radius of one hundred to one hundred and fifty miles. About nine 
miles east of Fort Union there is an old volcanic crater of greftt interest. 
This is the nearest approach to recent volcanic indications that I have 
ever seen, or known on the east side of the mountains. The rim of 
the crater is circular and well defined, though the depression is very 
shallow. Yet, as we ascended the Jiigh volcanic mountain, we found the 
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sides covered with masses of rough basalt, so mucli so as to render travel- 
ing difficalb and very laborious. But inside of tliis crater tliere is 
scarcely a rock to be seen, and the slightly concave surface is thickly 
grassed over. The immediate sides of this mountain all around arecovered 
with longitudinal ridges of the rock which was evidently poured oat of 
the crater and ran down the sides. The circular crater is about fifty- 
yards in diameter, and is now filled up with earth. This rounded moun- 
tain must have been built up by the continued overflow of melted rock, 
and at this time its summit is at least twelve hundred to fifteen hundred 
feet above Fort Union. In the vicinity are what seemed to be rifts, 
which have now formed valleys or gulches, and on each side of which 
are thick borders or walls of the basalt. 

About fifteen miles north of Fort Union there is another of these era.- 
ters which has attracted attention. The depression is about two hun- 
dred and fifty feet deep and five hundred yai'ds iu diameter, and the rim 
is broken away on the north side. The borders of the crater are elevated 
about twelve hundred feet above the fort. This vast mountain mass 
must be the accumulation of the outpoured melted rocks. All over the 
sides are immense ridges or banks, as it were, of the melted rock which 
has liowerl out of the crater. The summit is covered with lava, some of it 
black and some of it of a red color, but very porous and Kght, like pumice, 
so that the wind has distributed great quantities for a long distance over 
the plains below. This melted material has been poured out over the cre- 
taceous beds, often concealing them over large areas. I am convinced that 
at one period a very large portion of this country was covered with these cra- 
ters, butnoneof them seem now to be so well defined as those described. 

About four miles north of the fort is a mesa capped with basalt, which 
is underlaid by- cretaceous rocks. Sometimes the basalt is worn away 
over large areas, uncovering the rocks below. The mesa is about three 
hundred feet above the fort. The valley in which Fort Union is located 
is a very beautiful one, and is plainly carved ont of the cretaceous 
plateau. On the west side the abrupt walls can be seen for miles, but on 
the east the ascent up to the foot of the tertiary mountains is gradual, 
though here and there the cretaceous rocks crop out. 

Before closing this chapter I wish to ofler my most cordial thanks to 
the officers of Fort Union, for courtesies and aid which enabled me to 
piiri'orm the work of a month in a few days. Under the intelligent 
guidance of Captain W. E. Shoemaker, I spent two most profitable days 
examining the country in the vicinity of Fort Union, and with Dr. D. G. 
Peters, United States Army, visited the beautiful Mora Valley. The 
entire party were the recipients of favors at this post, which showed 
more clearly than I can express it iu words the deep interest which the 
officers of the army everywhere take in the development of the material 
interests of that portion of the West where they are stationed. , We cx)uld 
also measure the amount of life in the citizens of any town we visited, by 
the interest they took in our efforts to study the resources of the country^ 
Mr. C. W. Kitchen, especially, and the citizens of Las Vegas generally, 
extended everj' attention to us in their power, and I am convinced that 
at no distant day this must be the most pleasant and prosperous town in 
New Mexico. 
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OHAPTEIi V. 

FROM PORT UNION TO SANTA FE. 

We left the hospitable post of Port Unioa with re^et and pur- 
sued our way southward towards Las Vegas. The first eight miles we 
passed over quartzose sandstones of No. 1, and then appeared ahove 
them a hard bluish limestone, which belongs to No, 2. The sandstones 
o : No. 1 gradually disappear^ and the liraestoues take their place. 
Several species of Inoeeratnus occur, and Mrs. General Grier has in her 
possession an Ammonites that came from this region, which is tubercu- 
lated like A.peramnatus. All the way to Las Vegas we have a flue view 
of the country along the base of the mountains. The exposures of the 
sedimentary rocks are wonderful in their extent along the eastern base of 
the monntains, from Fort Fnion to the point below Santa F^, where the 
range passes out and is lost in the plains. The belt of upheaved ridges 
is from four to eight miles wide. All around Las Vegas, in the plains, 
the blue limestones, passing up into an enormous thickness of the black 
shales of No. 2, is everywhere seen. The little sti-eams cut deep chan- 
nels through it. 

The finest section of the sedimentary rocks of this region, that I liave 
ever seen, may be found .between Las Vegas and the Hot Springs, on 
Gailiiias Creek, The beds from the metamorphic to the cretaceous, 
inclusive, are so regularly and clearly exposed along this creek tliat it is 
not possible to mistake their continuity, ajid I would call the attention 
of all travelers visiting this country, who have auy interest in the 
geology, to it. 

The Hot Springs, which have already become so celebrated for their 
supposed curative qualities in certain diseases, are located about five 
miles northwest of Las Vegas, just at the .junction of the carboniferous 
and the gneissic rocks. The lowest spring issues from the granite just 
underneath a mass of limestona The bed of limestone that rests directly 
on the granites is quitehardand cherty,with adip nearly southeast 40°- 
to^S*^. The metamorphic rocks below are rotten gneiss. !From this i)oint 
outward towards the plains I made the following section, passing over 
the upturned edges as they were exposed with wonderful clearness and 
consecutiveness to the eye : 

1. Haixl grayish cherty limestone, resting, directly on the gneiss. 

2. Micaceous sandstone full of iron, partly a very micaceous rotten 
sliale. 

3. Yellow limestone with less chert, excellent for lime, containing 
Productus, two or three species, Ifpirifera subtiUta. Between the beds of 
limestone, that vary from four to twenty feet thickj are two beds of 
rusty clay, each four to six feet thick, the whole dipping 50°. 

4. Black shale with thin layers of a sort of arenaceous mud, from 
one-quarter of an inch to four inches in thickness. 

. 5. Limestones with Prodiiettis, ^irifera, corals and crinoidal stems, pass- 
ing up into a very cherty limestone, one hundred and fifty feet tliicfc ; 
dip 60° to 75°. Among the layers of limestone are thin seams of shale. 

6. Grayish brown arenaceous limestone passing up into a somewhat 
micaceous sandstone— 30 feet. 

7. Variegated greenish, reddish, ashen, and yellowish shaly clays — 
20 feet. 

8. Variegated sands and sandstones of all degi'ees of fineness. The 
prevailing color red, varying from bright brick -red to purple, mth some 
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■whitisli, yellowisli, &c.j dip 45° to 550; thickness two hundred and 
thirty-five feftt. 

9. Rather fine grained grayish sandstone. This bed has passed a 
Tertical position so that the dip is southwest 75° ; thickness fifty feet. 

10. Variegated sands, light briCk-red, dull purple, reddish brown 
and light gray. The dull purplish sands, ten feet thick, are amygdaloidal, 
full of almond-shaped nodules and cavities. 

10. Alternate beds of light yellowish, grayish sandstones, and arena- 
ceous shales, very much variegated. Ist. Sandstones, fifty feet: 2d. 
Variegated arenaceous shaley clays, sixty feet; 3d. A curious wall of 
sandstone which forms a conspicuous point by turning the current of 
the ci-eek at a right angle and running across, in a nearly vertical posi- 
tion, but having the natural dip northeast ; dip 85°. This curious wall 
will always be noticed by travelers. It passes np gradually into the 
variegated sandy shales or laminated sandstones that form Ko. 12. 

12. Among these laminated sandstones is a sort of siJicions mud 
layer that is filled with the casts of a species of MyUlus, which leads me 
to suspect them to be juraasio. There is also alayer filled with fragments 
of fossils— a saurian tooth, &c The beds continue with a reddish tinge 
varying from a greenish brown to a dull purplish tint, with every degree 
of texture. Some of the layers of laminated sandstone are a light ashen 
giay, some of nodulai and pebbly sandstone, also with a tendencv to 
lamination — 300 feet. 

13. A rather massive gray sandstone, some portions amygdaloidal 
or nodidar, some fine grained and some slightly calcareous. Some of it 
is good for building purposes, flagging stones, &e. Two layers of ashen 
gray clay— first six feet, second three feet. 

14. Very dull purplish chiys, with some hai-der layers of sandstone, 
tnm, of an ashen gray — 30 feet. 

15. Like bed 13, only more laminated, portions massive and fine ; 
some layers a rustj- yellow, with impressions of woody stems and trunks, 
not jointed but ribbed (!) ; passing into a dull purjilish red massive 
sandstone, with a very irregular laminaj of deposition, some of it pebblv 
and nodular- 200 feet to 300 feet. 

16. Eeddish laminated shale,, with some greenish or ashen spots, 
some nodules, but slightly variegated with seams of fibrous iiypsum fol- 
lowing cleavage— 300 feet. 

17. Yellowish gray, rather fine grained, massive sandstone; por- 
tions of it with a reddish tinge ; cleavage joints shown well— 100 feet. 

18. Eeddish brown shales slightly gypsiferous — 25 feet. 
10. Massive sandstone, like 17 ; dip 75° to 80°— 100 feet. 

20. Very dull purplish drab, somewhat nodular, arenaceous clays with 
some hard layers of sandstone, mostly dark brown, and verj' variable 
in textui-6. This bed belongs to the lower cretaceous, or is a bed of Das- 
sage— 200 to 300 feet. ^ 

21. The sandstone "hog-back," regarded as lower cretaceous Ho. l*. 
A very conspicuous formation in this region. A portion of No. 1 stands 
C(uite vertical, while other portions Incline from 60° to 80°. It isin part 
a coarse sandstone and fine aggregation of pebbles, passing up into a 
fine grained whitish sandstone, two hundred feet thick, passing to a series 
of alternate thin layers of dark laminated clay and mud sandstones, 
with all sorts of markings, indicative of shallow water, mud flats, &c. 
The dip of some of the layers passes a vertical at the top. 

22. Then come the dark clays of Ifo. 2, slightly arenaceous at first, 
passing up into black shales, then into the blue mar^ limestone with an 
abundance of Inoceramm. Some of tlie layers of blue limestone have 
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passed a vertical position, 30° to 40o. No line of demarcation can be 
found between; be divisions of the cretaceous. They all pass into each 
other imperceptibly. . , . ^ ■, , , 

The cretaceous beds are well shown, No. 2 contmumgnp into bliiemaTly 
limestone, which maybe regardetl as No. 3; this passing upmtotlie dark 
sbales of No. 4, wbicb gradnally passes up into a rusty yellow ela,;^ with 
numerous calcareous concretions with Os(rca, Bacwiifes, &o. -Lb'soed 
contains calcareous sandstones filled with a small Twrrttella and bi- 
valves. Tiie cretaceous rocks of this region are best divided into upper 
and lower cretaceous. Thesebedsbecomesuddenlybonzontalmtheplains, 
but the conformity is complete. The confonnity of the entire senes ot 
the sedimentary beds is more perfect than I have seen it at any other 
locaUty in the West. Here, for the first time, I notice the two sets of red 
beds mentioned by Dr. Newberry, in his report of the Colorado Eiver. 
Thev are well defined. The cretaceous beds are well marked. In the 
section, from beds 11 to 19 inclusive, I am inclined to regard as jurassic; 
the second series of reddish beds, as triassio ; then some reddish per- 
mian m sandstones, passing down into the carboniferous. 

Above the springs there is an extensive series of gneissoid rocks, m- 
clining northwest. The changed and unchanged beds do not conform. 
These gneissic rocks varv much in textnre and color. The dominant 
comstituents are reddish tfeldspar and quartz, but there are thick beds ot 
the banded gneiss. For about two miles up the GaUinas Creek, above 
the springs, these rocks rise up in grand mountam masses, neaxly ver- 
tical, and then for ten miles or more we find the limestones, sandstones, 
and sbales of the carboniferous, resting in a nearly horizontal position 
over the vertical edges of the gneiss. About four miles above the spmigS 
I found two distinct species of lepidodendron in sandstone, one ot them 
twelve feet long. They leave a cast in the sandstone perfectly round. 
Still further up the creek we see the limestone resting directly on the 
gneiss for half a mile. Usually these beds are so covered by debris 
that they are obscured. As we pass up the creek the carboniferous beds 
come down to the water's edge. Three beds of limestone, from ten to 
thirtyfeet thick, are exposed on tbe sides of the hill. ^ j.v 

About eight miles above the springs the valley expands out, and the 
gneissic and basaltic rocks form the lower mountain ridges. At the 
head of the valley there is avery striking basaltic mountain, with nearly 
perpendicular sides, which forms a land-mark in this region. 

The hot springs are most beautifully located in the valley of Gallmas 
Creek, just as it emerges from the mountains on the south side. The 
sprinss are twenty or tliirty in number, and some of them are quite 
largeT They vary in temperature from 80° to 140°. The spring Jrmn 
which the water is taken for the bath is quite hot, at least 140°. The 
supplv is very abundant, enough to meet the demand for all time to come. 
There* is no deposit about the spring, and the water is as clear as crystal. 
It was analyzed by Mr. Frazer, and found to contain carbonate ot soda, 
carbonate of potash, and chloride of sodium, tlie potash in excess; 

It will be seen at once upon what its medicinal quahties depend. 
Every dayin the week all thespringsare occupied bywomen,in washing 
clothes. The water makes most excellent suds, and the ease with which 
the dint is extracted from the clothes renders these springs great favor- 
ites. There is every facility for the proprietors to establish a p^ce ot 
resort for invalids and pleasure-seekers, when there shall be a sufttraent 

West of the town of Vegas there is an almost vertical wall of creta- 
ceous sandstone, running neariy north and south. Passing south along 
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the east side of this wall about Ave miles helow Vegas, we enter tbe 
hills through a gorge in this sanclstone, called the Paerto cito del Padre. 
West of this we can see the complete series of the sedimentary beds in 
the form of upheaved ridges, rising lilie steps to the main mountain 
range. Our course to Santa P^ was nearly south, through a very rugged 
country; the formations thrown up into lofty ridges. In a few mSes 
we came out into open valleys quite broad, and nearly all the beds are 
older than the cretaceous, and nearly horizontal in their position, and the 
valleys have been, carved out of the Jurassic and triassic beds; the 
very singular castellated hills on the left looking much like mesas, cap- 
ped with sandstone, probably cretaceous in part, showing the red beds 
beneath. Sometimes the entire series of red beds are clearly shown, and 
even the carboniferous limestones are well exposed, but the Gallinas 
section is so complete that I need not repeat it here. On the San Joa6 
Greek and the Bio Pecos are some fine exposures of the triassic rocks, 
showing their peculiar features and their variable texture. The prevail- 
ing color of the upper series of variegated beds is brick red, and that of 
the lower, or supposed triassic, is dull ^urpUsh. Close to the village of 
San Jos6 the beds are aH neatly honzontal. The high hills aroimd 
, retaui their mesa-like form. Nearly all the way to ApacLe Canon, on 
the crossing of the mountain, the road runs along a valley with a lofty 
ridge or "hog-back" on one (the east) side, which forms a sort of outer 
wall and a conapieuons feature. The upper series of red beds are wdl 
shown, and a portion of tlie second series, but the bed of sandstone 
which caps the ridge, I ain inclined to regard as a pai't of the Jurassic 
group. At any rate I have not been accustomed to include these yel- 
lowish-gray, fine-grained sandstones among the cretaceous beds. The 
ridge of sandstone which forms the outer wall at Vegas must stiU con- 
tinue outside of this ridge. 

In the lower red series are beds of gypsum. I saw gypsum at a num- 
ber of localities on our route. At Vegas, it is used for building purposes. 

I was informed that a coal mine had been found near Tecalope, and 
that the coal had been used for blacksmithing, bat I saw no rocks that 
could possibly contain coal, on my route, and thiuk that it was a mis- 
taite. A copper mine has been wrought with some success near San 
Miguel in the triassic bedS. I did not examine it. Near Pecos Creek, aU 
the rocks seem to be in contact, from the light-colored sandstones, that cap 
the mesa, to the carboniferous. All tbe beds dip a little from the main 
range, and this inclination increases as we approach the mountains. 
The width of the belt of upheaved sedimentary rocks, from Vegas to the 
southern point of the mountains north of Galfiateo Creek, must average 
twenty to thirty miles, and the opportunities for studying them, in their 
order of sequence, is excellent. 

At Payaritos Springs station, there is a splendid exhibition of the 
different groups of strata, as we have seen them since leaving Vegas. 
The light-gray sandstones and first and second series of variegated beds- 
are all shown in theu: order for six hundred to eight hundred feet. 

About six miles north of the old Pecos church, there is a bed of com- 
pact reddish limestone, full of fossils, which I am inclined to regaM as 
permian, containing fossils Myalina, Mytilus, FleuropJiorns, and crinoidal 
stems. This limestone belongs to tne lowest portion of the second series 
of red beds. I would just remark here, that I am iacliued to the belief 
that in the mesa, which looks so couspicnous on our left, on the i"oad to 
Santa F6, we have the first series of variegated beds, or Jurassic, including 
the Une-grained sandstones that cap them ; and the second series, triassic j 
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and that the remaining sedimentary beds are composed of carboniferous 
and possibly some permian exists in this region, 

The earboniferons fossils are unmistakable, and I think 1 have collected 
some permian-libe forms, and I suspect that my collections will fui-nish 
the evidence of the age of the upper series of red beds as jnrassic 
The-dip of all these beds is slight, not more than five to eight degrees. 
From the old Pecos church to the Apacbe Caiion, we pass over the beds 
of the lower red series, mostly consisting of sandstones and fine pnddiug- 
stones. But in Apache Caiion, we have a good exhibition of the fine- 
grained, light-colored sandstones, which have capped the mesas on our 
left for thirty miles or more. So far as I could determine, this sandstone 
does not belong to the lower cretaceous, but the true cretafleous ridge is 
still further east. The inclmation of the strata in Apache Caiion Is 
sometimes twenty-five degrees southward. 

As we commenced the ascent of the mountains towards Santa r6,the 
surface is covered with a remarkable conglomerate, a paste of sand and 
day holding fast nnwom masses of reddish granite. I think that this 
is a modem formation, and underneath it we find the dull purplish- 
brown sandstones. I aid not notice the carboniferous limestones on 
the east side of the range, but do not doubt that they exist high up on 
the mountain sides. From the summits of the mountains we can look far 
southward. All the ridges of upheaval continue southward along the 
flanks of the mountaios, and soon mn out in the plain, and the moun- 
tains slope down to the prairie about twenty miles south of Santa F6. 

Abont thirteen miles before reaching Santa F6, we come to the gneis- 
soid rocks, and they continue nearly to that place. They seem to dip 
■with the sedimenta^ rocks on each side, only at a higher angle. This 
mountain forms a regular anticlinal. On the flanks of the mountains, 
(west side,) there is quite a thick deposit of yehow and light flesh-colored 
marls and sands extending westward toward the head of the Eio Grande, 
and beyond. The mountains themselves seem to be quite peculiar, in 
being composed of an aggregate of cone-like peaks of very variable 
heights. They seem to be entirely composed of gneissoid rocks. 



CnAPTBE VL 

FROM SANTA Ffi TO PLACIEKE MOUNTAINS AND RETURN. 

From Santa F6 to the banks of the Gallisteo Creek, eighteen miles, 
we pass over the recent marls and sands which seem to occupy the 
greater portion of the valley of the Bio Grande, above and below Santa 
F^, which I have called Santa F6 marls. These are mostly of a light 
cream-color, sometimes rusty yellow, and sometimes yellowish white, 
with layers of sandstones, varying in texture from a^very fine agg;;egate 
of quartz to a moderately coarse puddiag-stoue. These marls and sands 
weather into imique forms north of Santa F6, like the " bad lands" or 
" Mauvais Torres " of Dakota. As we descend the hill into the valley of 
tlie Gallisteo Creek, we have a wonderful exhibition of the variegated 
sands and sandstones, which at first appear like the upper series of red 
beds on the east side of the mountains, but which I at once suspected 
were new to me in this region. Descending the Gallisteo, to the west or 
lower end of the Cerillos, we find the full series of the cretaceous beds, 
with Ostrea congesta, 0. kirva, Inocermius — several species, and fragments 
of fish remains. Extending east and west along the south side of the 
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Cei'illoa is a higli wall-like dike, and dipping southward from this, from 
the Placiere Mountain, is a great thickness of the creta«eotis shales No. 
2, passing up into laminated arenaceous shales, with fossUsj then the 
dark shiSes of No. i, apparently. The cretaceous beds iucUne thirty 
degrees to fifty degrees. Inclining at a less angle, a series of coal strata 
reveal their upturned edges, conforming perfecfly to the cretaceous beds. 
Passing up the Gallisteo, eastward, we observed the variegated sands 
and sandstones, rising above the coal strata, and concealing them on the 
northeast and east flanlis of the Placiere Mountain, inclining at all angles 
from five degrees to fifty degrees. These sandstones are of varied text- 
ure, from a fine aggregate of quartz particles to a rather coarse pudding- 
stone. In some of the beds there are irregular layers, of a dull, rusty 
brown, concretionary arenaceous limestone, in which I searched in vain 
for fossils. One of the most peculiar features of these beds, and one 
which I have never seen in any group before, is the great variety of 
colors, from a light reddish tint to a deep brick red, sometimes dull pur- 
plish light, and very deep yellow, white, brown, drab, &c. The only 
fossils I could find were enormous silicifled trunks of trees. One of them 
was so perfect that it looked much like a recent one, with a cavity run- 
ning through it ten inches in diameter. I liave named these beds the 
Gallisteo sand group, as they are confined, so far aa I know at 
present, to the valley of the Gallisteo; although they pass under the 
Santa F4 marls, and the northern limit is concealed from view. Near 
the road is a sm^ dike, apparently thrust up between beds of sand- 
stone, and inclining with them. East of the Cerillos, up the Gallisteo, 
among the upper beds of that group, are several larger dikes, and the 
basaltic rocks are poured over the recent tertiarj' beds. One of the 
dikes can be seen a long distance, looking like a riijge of upheaval, ex- 
tending a little north of east, ffer across the plain towards the south end 
of the Santa S'6 Mountains. The Cerillos are merely a dike, or a series 
of dikes, forming a small independent range of mountains composed 
entirely of eruptive rocks. On the south and west side, the cretaceous 
beds fiank them closely, while on the east and northeast side the Santa. 
P^ marls jut up against them. Occasionally, on the east side, a little 
stream will cut through the marls, revealing the sandstones of the Gal- 
listeo group. 

The outcroppings of coal on the northwest side of the Placiere Moun- 
tains are of great interest. They were flrat exposed in the center of the 
little branches that run into the Gallisteo. The first one is about five 
miles south of the Gallisteo. The coal is in the natural condition. The 
tbllowing section of the strata was talten ascending: 

1. Laminated clay, with thin seams of sand passing up into carbona- 
ceous clay, as a floor for coal. 

2. Coal very compact. The cleavage lines are, in a 'ew instances, 
filled with clay — 5 to 6 feet. 

3. Drab clay, indurated, 15 to 29 feet. 

4. Ferruginous sandstone, passing up into a light grayish sand- 
stone— 30 to 50 feet. 

The lower part of this bed is full of deciduous leaves. The debris is 
so great that the real character of the beds is somewhat obscured. The 
impressions of leaves, appear to belong to the genera Magnolia, Pla- 
tanus, Salix, and others, some of which appear to be identical with 
those found at the Eaton Mountains. Imperfect specimens of a paim 
were found. The mine is opened on each side of the dry creek, and the 
dip is the same — about ten degrees. As in all the rocks of the country, 
there are in the coal two sets of cleavage lines, at right angles to the 
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stratiflcation. In the valley of another branch of the Gallisteo, there is 
a dike two feet wide with the strike a little east of sonth. The clays on 
each side are metamorphosed into slates. 

At another locality there ia a bed of coal, which has been changed by 
an enormous dike into anthracite. Section let, clay-slate ; 2d, two and a 
half to three feet anthracite ; 3d, fourteen to eighteen inches of clay ; 4th, 
fonrteen inches to two feet of anthracite ; 5th, clay shale, passing up into 
alternate layers of sandstone and clay, ten feet ; 6th, dark sandstone. 
Cfhe dip of all lie beds is fourteen degrees east. They are overlaid by 
a thick bed of columnar basalt. The dike that covers the coal bed 
trends about north aod south, or a little east of south. 

The influences of the Cerillos on the north side of the Gallisteo, and the 
Placiere Mountains on the sonth, Has produced a beautifnl synclinal, 
while the Cerillos form a sort of imperfect quaquaversal. The beds 
dip from two sides of this small range at least, and the indications in 
the channels of the little streams are, that the sandstones of the Gallisteo 
group dip from a third side, but are now mostly concealed. We have, 
therefore, in the valley of the Eio Grande, if my investigations are cor- 
rect, tluree groups of tertiary beds of different ages. Ist. The coal strata, 
with abundant impressions of deciduous leaves, lying above weU-marked 
cretaceous beds. 2d. The Gallisteo sand group, wMch plainly overlies 
the coal strata, bat inclines equally with and conforms to them. 3d. The 
Santa F4 marls, which are of much later date than either of the other 
two, and rest aneonformably upon the Gallisteo gToup, and never inchne 
more than five or ten degrees. 

Although the coal beds lie high up on the sides of the Placiere Mount- 
ains, I am inclined to the belief that some portions of the cretaceous 
strata, and possibly even older rocks, are revealed on the sides of the 
gneissic nucleus. This mountain seenia to be penetrated with dikes, 
which have given a dai'k somber hue to all tlie rocks. 

The moontain itself is very rich in minerals, as gold and iron ore, 
The Ortiz mine is the most celebrated, although a number of lodes have 
been opened. Colonel Anderson, formerly of the United States Army, 
is superintendent of the mining interests of this region, and he has 
already erected a forty-stamp mill, the most substantial one I have seen 
In the West^ The Ortiz lode is a very irregular one. It expands some- 
times twelve feet or more, and then nearly closes up. It has yielded 
very rich ore at times; mingled with this ore are fluorspar, calcspar, 
crystallized quartz, bine and green carbonates of copper, a little native 
copper, and the sulphurets of imn and copper — the latter predominates 
in the ore. 

The Brehm lode has a strike about noitheast and southwest, and by it 
I, suspect the dip of the gneissic rocks, on the north side of the mount- 
ains, to be about northwest. The width of the lode is about three feet, 
the inclination of the vein southeast forty-flve degrees. 

The Placiere Mountain seems to be rich in gold, but the ■want of water 
may prevent the mines from being wrought with great profit. The sur- 
face of the country is literally covered with placer diggings, where .the 
drift gold has been taken out by the Mexicans in old times by melting 
snow. Magnetic iron ore seems to be abundant, and ia the clays con- 
nected with the coal beds there is the largest supply of excellent brown 
iron ore, so that the time is not far distant when iron works of great 
value may be erected in this region. 
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CHAPTEE Vn. 

FEOM SANTA Ffi TO TAOS. 

, On tte western flauk of the Santa F^ Mouutains, neai- Santa F6, 1 
found the foot-hills, which are exposed by the wearing away of the marls, 
to be composed of carboniferous beds. These beds of limestone rest 
directly on the granite, and are associated ■with gray and reddish shales 
and some beds of sandstone, the whole dipping west at an angle of 
thirty-five to forty-five degrees. The limestones were charged with fossils, 
as many and as well preserved as I have seen them at any locality east 
or west. In many places these beds of limestone are carried high lip 
on the granite hills; sometimes dipping toward the mountains as if a 
portion of an anticlinal. The metamorphic rocks are gneissoid at first 
on the flanks, bat gradually become massive granites toward the main 
axis of the range, in a small creek, which leads down from the mount- 
ains, I saw immense masses of granite breccia, mostly angular fragments 
of gneiss or red feldspar, with some rounded masses cemented with a 
granite paste. The limestones abput Santa F& are converted into excel- 
. lent lime. The foundations of the jail and court-house are made of it. 
The fossils ai'e very numerous, both in individuals and species. Dr. 
Newberry has given a list of them. I found several species of Pro- 
ductm, Spr-^era siibtiUta; and many others. These limestones do not 
seem to extend far along the sides of the mountains. From Santa F^ to 
Bmbudo Creek, and mostly even to Taos, the Santa F6 marls cover the 
country. On the east side of the Elo Grande I did not observe a suigle 
dike, from the Cerillos to the mouth of the Chama Creek. North of that 
the melted material has been poured over the marl so a-s to form broad 
mesas. On the west side there are numerous outbursts of igneous mat- 
ter. These Santa F6 marls reach a great thickness north of Santa F6, 
in the Eio Grande Valley, from one thousand two hundred to one thou- 
sand five hundred feet, and have a tendency to weather into similar mou 
umental and castellated forms, a« in the "Bad Lands." The upi>er por- 
tions are yellow and cream colored sandstones, sands, and marls. Lower 
down are some gray coarse sand beds with layers of sandstone. All these 
marls dip from the range westward three to five degrees. The Eio Grande 
wears its way through these marls with a bottom about two miles wide. 
On the west side are distinct terraces with the summits planed off smoothly 
like mesas. The first one is eighty feet above the river ; the second one, 
two hundred feet. These marls extend all the way between the margins 
of the Santa F6 Mountains on the east side and the Jeniez Eange on 
the west. Most of the Ohama Hills, and I think the entire hills, are 
composed of it. At the junction of the Chama Oreek with the Eio 
Grande, a point comes down between the two rivers which is covered 
with basalt. This continues into the San Luis Valley nearly to Fort 
Garland. Near the mountains the hills ace covered extensively with drifbi 
and sometimes they are composed largely of boulders and marl or 
sand. The country is full of the dry beds of creeks or arroyas, as 
they are called. All these carve ^heir valleys out of these marl beds. 
As we go northward near the mountains, the rounded boulders become 
more and more numerous, but near the Eio Grande, where they have 
all disappeared, the source of this great thickness of sediment Is apparent. 
The Ojo Sarca Ci-eek rises in the Sante F6 Mountains and flows into 
the Eio Grande, forming a valley which is remarkable for its ruggeduess. 
The marl beds are nearly horizontal and the harder layers of sand pro- 
ject out of the sides of the bluff hills like steps for four hundred to sis 
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hundred feet in lieight. I know of no finer exhibition of these marls in 
their thickness, or their architectural stylfe of -weathering. On the 
north side of the creek, the granites project up through the marls. 

The moun':ains near the source of the Eio Trampas are very lofty, 
■with some high peaks which are rounded with dome-like tops, one of 
which is called " Old Baldy " from its baresummit. Where the foot-hills are 
denuded of the drift or the marl, the red granites are exposed. Along the 
base of the mountains, especially in the valley of the Peiiasco there is a 
great thickness of very coarse conglomerate restmg upon the granite 
horizontally. It undoubtedly is of the same age as the marl beds. In 
the valley of the Penasco there is a vast quantity of worn boulders, scat- 
tered everywhere, similar to the valley of Boulder Creek in Colorado. 
These worn rocks are of large size next to the mountain, but diminish 
the further they recede to the westward. 

The valley of the Eio Grande is already settled by Mexicans wherever 
there is an available spot. Nearly all the land that can be irrigated is 
cultivated by them, and good crops are raised even with their rude style 
of cultivation. 



CHAPTBB VIII. 
FROM TAOS TO FOET GARLAND. 

The valley m which Taos is situated may bo said to be formed by a 
notch or bend in the mountain range. On the southwest is the Piokaris 
Eange, with a sti-ike nearly northeast and southwest. The next range 
east of this trends about north and south, and branching off from this, 
north of the Taos Valley, are the Pueblo Mountains, Dos Mountains, and 
the Eio Colorado Mountains, all with a stiike nearly northwest and 
southeast. The course of the Eio Grande is nearly south, and on each 
side of Taos the small ranges of mountains run out near the river. The 
notch or bow in this group of mountain ranges affords a fine illustration 
of the method of flexure in the mountain ranges. 

Tlie Taos Valley is about eighteen miles in extent, from east to west, 
and about sixteen miles from north to south. It is thickly settled by 
Mexicans, and every available spot of ground is taken up. 

The valley proper is scooped out of the Santa F6 marls, which must 
at one time have prevailed extensively, as in the country north of Santa 
I'6,but the sorface has been smoothed off, so that nowhere are the marls 
conspicuous ; stai they can be seen all along the base of the mountains 
bordering the valley wliere portions of the recent deposits lie high on 
the mountain side. No sedimentary rocks of older date are seen, and 
the Santa ¥6 marls rest directly on the metamorphic rocks. 

It is plain that the regular metamorphic rocks prevail in these mountain 
ranges, but mingUng with them in various localites are igneous,out- 
bursts, which have somewhat tinged the gneissoid roelts. A little South 
of Taos Eiverwe find beds of beautiful porphyritic breccia, which is 
very compact, and is employed for building purposes. Westward, 
toward the Eio Grande, it is probable that the broad level plain is 
underlaid with a sheet of basalt, for the Eio Grande itself runs thixmgh 
a very deep caiion of this material for sixty-five miles, fi-om La Joya to 
the crossing of the road to Conijos in the San Luis Park. In all this 
distance there is but one crossing for teams, and three others for persons 
on loot, and there the passage is made with great difficulty. Far dis- 
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taut, to the -west of the Eio Grande, are aumerous isolated mouutaina 
showing the igneous protrusions. , 

Taos Valley, therefore, forms a sort of half circle, and the mountains 
■which snrrouud it, of which there appear to be ten or twelve distinct 
ranges, are expansions of the main range. It is near this expansion 
that the Moreno mines are situated, which have already proved unusu- 
ally rich, and will prohahly continue to yield large returns of gold for 
many years to come. 

On the sides of the mountains immediately opposite the Morena Val- 
ley, north of Taos, are located the mines of the Arroyo Hondo Mining and 
Ditching Company, of which Mr. Lueian Stewart, of Taos, la the snpenn- 
tendent. Mr. Stewart has already erected a twenty-stamp mill on the 
San Antonio Creek, and the supply of water is so great that if the mmea 
turn out to he rich in gold, the enterprise will prove a complete success. 
Ahont twenty lodes have heen prospected with more or less encour- 
agement, and some of them look well. In most instances the country 
rock has a greenish ashen tinge, doubtless due to the influence of heat 
from the igneous rocks. The lodes are not very well defined; one lode 
ha-s a strike a little west of norUi. It contains carhonat* of copper, sul- 
phurets of copper and iron. It was first prospected for silver, but turned 
out to he richer in gold. The cleavage walls are lined with sulphate ot 
lime. The gangue rock is mostly feldspar and quartz highly ferruginous. 

The main lode of the company is situated about half way up the south 
side of the moimtain. Dip of vein, tlurty-five degrees, strike nearly 
east and west, inclining about south. The country rock is mostly 
quartz, quite hard, while the seam, which is pretty well defined, is rotten 
quartz. It is eight to twelve inches wide, and is called the "pay streak, 
although the neighboring rock pays well There may be a vei-y wide crev- 
ice here of which the walls have not been discovered. The cleavage lines 
are well shown, and are of two kinds, one set dipping south thirty-nve 
degrees parall^ with the ore streak, and the other inclining north twenty 
degrees. The principal lines of cleavage contain the rich ore. The 
dip of the countty rock is plainly south or southeast at a very high 
angle. A tunnel hm been excavated into the side of the mountain five 
feet in diameter, and one hundred and eighty feet deep, two hundred 
feet below discovery point. 

All along the sides of the mountains are quite thick deposits of recent 
material, as clays, sands, and marls, and at one locality, while digging a 
ilitch, Mj. Stewart discovered a thick bed of aluminous clay which con- 
tained much gold, but it was found to be so difficult to extract it that 
the placer was abandoned. The sides of the mountains everywhere are 
covered with "diggings," where the Mexicans in former times washed 
the loose drii* with water, obtained by melting the snows. 

These mountains are composed largely of gray granite, and the reddish 
feldspar is not mnch seen. Each one of these ranges seems to aflord a 
good example of an anticlinal axis, the sides being shown by the shape ^f 
their slopes, which are very seldom symmetrical, one side of the anti- 
clinal beiog much more prominent than the other. 

From Taos to Bio Colorado the foot-hiUs of the mountains are covered 
with piiton, with a few larger pines which would make excellent tunber. 
Indeed, I am inclined to the opinion that the basaltic mesas are the 
nator J habitats of the piilon, which is a low scrubby tree, fit only for 
fuel, while the larger species of pine and spruce are found growing on 
the metamorphic rocks. , , j_ . , 

As we approach the Rio Colorado the outbursts of basaltic material 
increase. The Eio Grande and its branches, before they join the larger 
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stream, show vast caiions iritli nearly perpendienlar sides, and the pecu- 
liar dark somber color of the rocks adds to the gloomy picturesqueness 
of the scenery. On each side of the valleys of the little streams as they 
issne from the mountains are high terraces one hundred to one hundred 
and fifty feet high, which are hem more conspicuous than nsuaL These 
are composed of the Santa F^ ma:'ls and are not uufrequently covered 
with a thick bed of basalt 

The broad intermediate space between the range of mountains which 
form the east side of the valley of the Eio Grande and the Sierra Maclre 
— a main range of the Eocky Mountains, which givea origin to the waters 
of the Pacific streams — is covered with rounded hills, detached ranges, 
&c., all of which are basaltic. The two rounded liills, which are very 
marked, situated nearly opposite each other on different sides of the Eio 
Grande, Cerro de laa TJtas and Oerro San Antonio, are, it seems to me, 
old craters or fissures, out of which issued the melted material which 
overflowed the sides, and time has weathered the whole mass iuto its 
present beautiful rounded form. At this time they look like gigantic 
mammas. 

I am inclined to regard the valley of the Eio Grande as one great 
crater, including within its rim a vast number of smaller craters and 
dikes, out of which has been poured at some time a continuous sheet or 
mass of melted material. All the valleys, small and great, give evidence 
that they have been worn out of this vast mesa. The Eio Grande, from its 
source in the San Juan Mountains to Albuquerque, flows along its banks 
through basaltic rocks to a greater or less extent, and as we go north- 
ward from it they disappear in part. 

By glancing at a map it will be seen at once that the valley of the Eio 
Grande belongs to the eastern side or Atlantic slope of tbe " great divide," 
and that the ranges of mountains, on the east side of the valley of the 
Eio Grande, which run out into the plains neai- Santa F6, are a series 
of fragments which seem to liave broken off from the main i-ocky range 
north of the South Park, and are prolonged southward in a more or less 
broken condition for over four hundred miles. It will also be seen from 
the map that the parting line or divide flexes over to the west, with a 
great bend above Middle and South Parks. Now between the base 
of this mountain prolongation on the east, and the Sierra Madre or 
western divide on the west, from the head of the San Luis Valley to 
Gallisteo Creek, at least, an area of over two hundred miles from north to 
south, and one hundred to one hundred and fifty miles from east to west, is 
occupied mostly by but two classes of rocks, the basaltic and the mod- 
ern tertiary or Santa F6 marls. These recent marls are very conspicuous 
about Santa M and north of that iwint to the Pickaris Mountains, but 
north of that point they are not largely developed, though at one time 
they must liave reached a great thickness, but have been removed by 
erosion. The valley of the Eio Grande, from Santa F6 to Taos, has the 
appearance of an immature region, much like that of the " Bad Lan^a," 
or the tertiary deposits of White and Niobrara rivers on the Missouri. 
But above and north of Taos the wearing and smoothiug process has been 
applied so iiiat there is a mature appeai'ance of the country, like that of 
Eastern Nebraska or Kansas. Still all along the foot of the mountains 
below Costilla, underneath the mesa which extends from below Costilla 
to the Sierra Blanca Range, fifty miles, these marls can be seen in places. 
At Culebra, the Eio Culebra cuts through the mesa, tbrming a sort of 
gorge nearly half a mile iu width. On the sides of the mesa these mai'Is 
are most clearly seen underneath a heavy bed of basalt. Along the Uttle 
branches of the EioTrenchara, as the Eio de las Utas and the Sangre de 
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Christo and on the south aideof the Sierra Blanca Eiinge, are prominent 
terrace-like hills which are composed of yellowish-brown marls and sands. 
On the south side of the Sierra Blanca, they jut up high and close on the 
mountain slope. These marls are only remnantsof large deposits which 
once existed here, and spread out uniformly all over the valley. 

That there are mines of gold and other precious metals, an well as iron 
and copper, in the mountains, along the eastern aide of the San Luis 
Valley, has long been known. Specimens of copper, indicating mines 
of con siderable richness, have been brought from the sources of the Cos- 
tilla and iron ores are scattered all over the valley of the Rio de las TJtas. In 
the foot-hills of the mountains are fragments of magnetic iron ore, much 
like that in the valley of the Chngwater Creek. Stray masses have been 
traced up the mountain sides for about five miles, where a " blow-out" or 
an immense mountain mass has been discovered. This iron occurs in the 
gneissoid rocks, or what is called the Laurentian group, to which group, 
I believe, all the gneissic and perhaps the entire mass of metamorphio 
rocks of the Rocky Mountain system belong. I have assumed the posi- 
tion, in all my investigations, that there are but two classes of changed 
rocks in the West, viz, igneous and metamorphie, and that the oldest 
, granites which form the nuclei of the loftiest mountain ranges were once 
aqueous rocks, deposited in the same manner as the limestones or sand- 
stones of our most modern formations. It is on this ground that I have 
so often used the terms " changed" and "unchanged" rocks. By igneous 
rocks, I always mean those only that I regard as having once been in a 
fluid state, and may or may not have been protruded so as to reach the 
surface. I also assume that these igneous rocks in the West may have 
been thrust up at different geological periods, or at different times during 
the same epoch. 

The gold mines near the Sangre de Ohristo Pass are the most import- 
ant that have been discovered in the Ban Luis Valley. From some 
notes kindly furnished me by Dr. McClellan, United States Army, sur- 
geon of the post at Fort Grarlaud, the history of these mines appears to 
be as follows: 

During the gold excitement in the San Juan Mountains, west of the 
Bio Grande del Norte, in 1862, a large number of miners, or, as they 
were called in those days, "pilgiims," crossed the Sangre de Ohristo 
Pass, aud camped for rest after a loug journey from Idaho, Montana, and 
Korthem Colorado, on Placiere Creek, one of the main tributaries of 
the Eio del Sangre de Christo. Learning from some passing Mexicans, 
that in the olden time their people were accustomed to pack dirt iix>m 
some of the caSons of the mountains to the Placiere Creek, to wash out 
the gold, they went to work and prospected the gulch of the Grayback 
Creek. The San Juan excitement was_, however, so strong that they 
started to continue their journey the winter of the same year, many of 
whom returned in a starving condition, and went to work in this gulch 
with good results. ■« 

In 1865 and 1866, Kit Carson with a party i)rospected this region for 
placer diggings, and took up many valuable claims. The gold taken 
out by sluicing is very valuable and of a pure yellow color, and is what 
is called " wire and scale" gold. It usually sells for about $19 per ounce 
in gold, much more than the Morena gold or any other in this country. 
A valuable lode with a weU-deflned crevice has been uncovered, but 
little or no work has been done on it. In the mountains at the sources 
of the Eio Seco, on the west side of Culebra Peak, some lodes have been 
found which appear favorable. Most of the foot-hills are covered with 
beds of yellow marl inclining slightly. These foot-hills seem to be 
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smoothed off and are covered with a .thick deposit of debris. Li the 
litUe valleys of the moaiitains the gneissie rocks are exposed, and about 
twenty lodes have been examined to some extent ; the crevice matter on 
the soiface is entirely rotten quartz. These lodes have in most cases 
well-defined walls, varying from three to six feet in width, and a strike 
about northeast and southwest. Should these mines turn out to be rich 
in gold, the ease with which they can be worked will render them very 
celebrated. 

From a point not more than twenty miles north of Santa Fi^, to the 
Sangre de Ohristo Pass, I was imable to discover any of the older sedi- 
mentary beds on the western side of the mountains. Sometimes among 
the drift boulders, which were very extensive everywhere, a few masses 
of limestone would be found which were evidently carboniferous. In 
Taos Valley slightly worn masses of limestone were found, with well- 
deflned carboniferous fossils. This would seem to indicate that these 
rocks once existed all along the mountains, even if they cannot be found 
at this time. I have no doubt that all the sedimentary formations which 
are found on the eastern margins of the mountains once extended unin- 
terruptedly across the Eio Grande Valley, and some portions may now 
exist deep beneath the basalt and Santa P^ marls. 

Near the Eio Colorado, the lower ridges or foot-hills of the mountains 
exhibit the influence of the igneous rocks to a gTeater extent than south- 
ward, and continue to do so to the Sierra Blanca. Near the point from 
which the Bio Colorado emerges from the mountains, the rocks are a 
bright brick-red over a small area^ and I mistook them for remnants of 
the triaasic A closer examination showed me that high up on the sides 
of the mountains a great thickness of the recent marls, sands, and clays, 
have been so changed by contact with the igneous rocks, that they now 
present that peculiar brict-red and variegated appearance which is 
noticed for several miles. 

At Costilla the main range seems to bend abruptly to the eastward, 
and a portion of the lower ridges on the western sides of the monntams 
south of Costilla passes off without interruption in a long basaltic mesa, 
which extends nearly to Fort Garland. East of this mesa are the " ve- 
gas" or meadows, which have been carved out of the mesa between it 
and the foot of the mountains and form a portion of the valleys of the 
Costilla and Culebra Elvers. North of Oulebra the basaltic mesa-s com- 
mence again close to the base of the mountains, and continue quite 
largely developed up to the Sierra Blanca Eange. ■ These mesas are 
capped with a heavy bed of basalt, which always seems to incline eastward 
toward the mountains at least from three to five degrees, and some- 
times much more. 

On the east side, close to the Rio Grande, near the entrances of the 
Trenchera and Culebra Elvers, are a great number of ridges and coni- 
cal peaks or hills, called " Cerillos," all of them basaltic. On the oppo- 
site side of the Eio Grande these basaltic hills are very abundant^ and 
occupy most of the country. Just north of the Trenchera this range of 
mountains seems to bend abruptly back t-o the westward in the form of 
the Sierra Blanca Mountains, which have a trend nearly east and west. 
There is therefore a quadrangular si)ace inclosed on three sides by 
mountains — the Costilla on the south side, about fifteen or twenty miles j 
the principal range on the east, about sixty miles, and the Sierra Blanca 
on the north, about fifteen or twenty miles. The main range continues 
northward, bending slightly westward, until it joins the Sierra Madre at 
the Poncho Pass. The Sierra Blanca is the grandest and most pictur- 
esque range in Sonthern Colorado. It is apparently basaltic qjid is, as I 
suppose, a gigantic dilie. I regard the Spanish Peaks aa an enormous 
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dike. In nearly aU cases the strike of the axes of these dikes is nearly 
northeast and southwest, while for the most part the axes of the granitic 
ranges trend about northwest and southeast. It is my opinion also 
that the elevatioa of the .basaltic range was an event subsequent to 
that of the granitic, for in all cases that I have ever examined the igne- 
ous rocks are ponred out over the granites, and in some cases conceal- 
ing them entirely over large areas. Many of the loftiest peaks in the 
granitic ranges are basaltic. The basaltic axis never passes through 
the granitic, as is shown by the Spanish peaks on the east, and the 
Sierra Blanca on the west. Each one stops abruptly as it comes up 
against the principal granitic axis. 

As I have before observed, no unchanged sedimentary rocks of older 
date tlian the Santa F6 marls were noticed along the western side of 
the main range north of Taos, untU we come to the Sangre de Christo 
Pass. About the sources of the Costilla or Culebra Elvers there may be 
some remnants, but none have been seen after a pretty close examina- 
tion. At the very summit of the pass is a series of reddish sandstones 
and shales nearly vertical but inclining westward. From the summit of 
the pass we descend the beautiful valley of the Sangre de Christo 
. Creekina southwesterly direction. The sandstoueextends forfourorfive 
idles, and is of every variety of texture, from a very fine compact sili- 
cious rock to a moderately coarse pudding-stoue. In some of these 
sandstones are indistinct vegetable impressions, some of which can be 
recognized as fragments of Calamites. Further down we come to a senes 
oflimestones and sandstones, with sohie calcareous sandstones, having 
thin beds or partings of shale.' These alternate limestones and sand- 
stones extend for about five miles, and then comes a belt of five miles 
of gneissoid granites. Near the junction of the limestones with the 
granites there is a bed of limestone filled with fossils, Pro&uetus, several 
species, SpiriferswbtiUta, Ehymonella rochymontana, Spirifer UiieaUis, and 
numerous corals and <yrinoidal stems. Although it is possible that there 
are here rocks of older date than carboniferous, yet from the fact that 
all along the eastern side of the mountains the carboniferous limestones 
have been found resting upon the granites, I have inferred that there 
are no sedimentary rocks of older date in this re^on. At first the Sangre 
de Christo Creek passes through a monoelinal rift for nearly ten miles, 
then it cuts through ridges of limestone, bed after bed. The real dip of 
all these beds is northeast while the apparent dip is southwest, as if 
the granites were more modern than the limestones which are above them. 
The belt of gi'anites is about five miles wide, and thence to Fort Garland, 
which is ten miles, are igneous rocks. Eight miles east of Fort Garland 
are some high ridges of basalt that dip east about eight degrees, and 
have a trend north and south, and &om the abrupt western face from 
four to six distinct beds of igneous rocks can be seen. The cause of 
the inclination of the basaltic beds is not clear, though it may have 
originated in the Sierra Blanca. Wo were much indebted for many 
favors and information to Dr. E. McClelland, surgeon, and to Colonel 
Hart, commander of Fort Garland. 



CHAPTEB IX. 

FROM FORT GARLAND TO SOUTH PAEK. 

The Eio Grande del Norte River rises in the Parit of the Animas, flows 
east about one hundred and fifty miles to the San Luis Valley, then bends 
abruptly south through the middle of the San Luis Valley. The north- 
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em portion of tlie valley is called tlie Ban Luis Park proper. This 
northern portion, above the how of the Eio Grande, is about sixty miles 
in length, and has an average width of fifteen to twenty miles. About 
the center of this park is a singular depression, about ten miles wide 
and thirty miles long ; it looks like one vast thicket of " grease wood," 
Sarcobatus vermicularts, and other chenopiaceons shrubs. Into it flow some 
twelve or fifteen good sized streams, and yet there is no known outlet, 
neither is there any large body of water visible. It seems to be one vast 
swamp or bog, with a few small lakes, one of which is said to he three 
miles in length. Although entirely disconnected fix>m any other water 
system the little streams are full of trout. 

On the south side of the Sierra Blanca the foot-hills are composed of 
the light-colored marls, and on the west side of the mountain, and near 
Mosca Pass, are the sand hills, which are composed of the loose materials 
of this formation. 

Here also is another conspicuous remnant of it left after erosion. On 
the west side, just below Sawatch Creek, and in the Eincon, are 
some rather high hills of this marl at the base of the mountains. The 
materials thrown out of the excavations of prairie dogs show that the 
valley is entirely underlaid with it. I am convinced therefore that this 
fresh-water deposit occupied the whole of tills valley from Poncho 
Pass to the mouth of Gallisteo Creek, and how much further southward 
I cannot tell, bnt there is evidence that it extends, either continuously 
or with interruptions, through New Mexico, and even further. 

Prom Fort Garland to the Ponclio Pass no sedimentary rocks of older 
date than the marls are seen along the margins of the mountains on 
either side until we reaoh Kerber's ranche, at out ten miles below the 
summit of the pass. On the west side of tie valley, on the foot-hills, 
isalargethicknessof carboniferous limestones, lifted high on the summits, 
and dipping east at an angle of fifty degrees. This limestone continues 
only a few miles, and is another of the remnants that are left of the sedi- 
mentary rocks among the mountains. 

Commencingat Fort Garland, the range of mountains that wall in the 
San Luis Park on the east side is grand in its proportions. From the 
Sierra Blanca nearly to the Poncho Pass it appears to be purely eruptive, 
and to be composed of a series of ranges or axes trending nearly nortiieast 
and southwest. At the northern end the eruptive portion ceases, and 
the lower metamorphlc mountains flex around so as to trend northwest 
and southeast. On the west side, the mountains are far less lofty, but 
they seem to form a nucleus of metamorphic rocks, with a vast number of 
dikes, from which the basalt has poured over nearly the entire region. 
All the tbot-hUls south of the Sawatch are composed of eruptive rocks, 
bnt north of that point the gneissie rocks are seen. This range of moun- 
tajus seems to be made up of a number of smaller ranges, with a general 
trend northwest and southeast. It would seem that where a range of 
mouu^ns is purely eruptive the minor ranges trend northeast and south- 
west, but that where there is a metamorphic nucleus the eruptive mate- 
rials follow the strike of the minor ranges. 

At the summit of the pass the hills are grass-covered and the road 
excelleutj but the nucleus of the mountains on the east side is meta- 
morphic, with dikes of eniptive rocks everywhere. The little stream, the 
valley of which we descend, flows through a monoclinal rift or interval 
between the ridges of metamorphic rocks. 

About two miles from, the summit this little branch is joined by the . 
main fork, and the whole continues to flow through a monoclinal valley 
until it empties into the South Arliansas. The main Poncho Creek rises 
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ID one of the loftiest peaks in Colorado. This peak has a large depres- 
sion on the east side, which may once have formed a portion of the crater. 
At the junction of the forks eommeuces one of the most remarkable 
examples of what appear to be igneous rocks I have ever seen in the 
West, On the east side of the creek we have the steep slopes, and ou 
the west the projecting edges. We have here eight hundred to one 
thousand feet of eruptive rocks with a somber hue, but with a stratifi- 
cation as perfect as in any sedimentary rocks. It is composed of layers 
never over one to four inches in thiclmess, inclining south of west forty- 
five degrees. Some of the layers would make good flagging stones. 

A little further down we come to the gneissic rocks, inclining nortli- 
west fifty to sixty degrees. Some of the black-banded gneiss has zig- 
zag seams of feldspar and quartz running through them. 

About three miles before reaching the Arkansas there is acurious junc- 
tion of the massive red feldspathic granites, inclining northeast seventy 
degrees, with the dark-banded gneiss, inclining northwest twenty-five 
degrees. At the point of synclinal junction all is confusion ; the two 
kinds of rocks are crushed together, and yet there is no break in the 
monntain. As we emerge from the pass to the South Arkansas we have 
the finest exhibition of banded gneiss I have seen in the West. The 
" rocks are of various colors, red, yellow^ white, and black, and the layers 
are quite thin, and their appearance is very picturesque. The general 
course of the Poncho Creek, from its source in the snow peak to the 
Arkansas, is north. 

The gneiss is very varied in its texture ; some of it contains garnets j 
some of it is very close feldspathic, micaceons, or whitish quaitzose. 

Ou the east side of Poncho Creek, about one hundred and fifty 
feet above the Arkansas, on the side of the mountain, is a hot spring 
surrounded with a large tufaoeous deposit. There is also near the foot 
of the pass, on the side of the mountain, an extensive deposit of the 
yellowish marl, filled with water-worn boiilders. 

Between the South and North Arkansas there are some remarkable 
terraces or benches extending the whole breadth of the valley from moun- 
tain to mountain. On the north side of the South Arkansas are three 
terraces, beside the rounded ijills near the base of the mountains, which 
rise in succession like steps. 

The high eruptive range which seems to cross the South Arkansas, 
and to pass up along the west side of the North Arliansas, appears to be 
composed of a series of enormous dikes in a chain merging into each 
other, and baling a strike about northeast and southwest. The general 
trend of the aggregate is about noith and south. 

On the west side of the Arkansas Valley the recent tertiary beds run 
np to and overlap the margins of the mountains. They are composed 
mostly of fine sands, arenaceous clays, and pudding-stones, cream-col- 
ored arenaceous clays, and rusty yeUow marls, fine sand predominating. 
These beds weather into peculiar architectural forms, somewhat like tha 
" Bad Lands" of Dakota. Indeed they are very nearly the same as the 
Santa F6 marls, and were doubtless cotemporaneous, and dip at the 
same angle, three to five degrees, a little west of north. The tops of 
the hills have aU been planed down as if smoothed with a roller, I have 
called this gi-oup the Ai'kausas marls. They occupy the entire vaUey of 
the Arkansas. This valley is about forty mUes in length, and ou an 
average about five to ten miles in width. It might properly be called a . 
pack, for it is completely surrounded by mounljaina. On the west side 
is one of the grandest ranges of eruptive mountains on the continent. 
On the east side is also a lofty range with a metamorphic nucleus, but 
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intersected everywhere with, haaaltic dikes. Tlie first and lowest range 
runs parallel with it, and is sometimes cut through by it. It seems to 
be composed of massive feldspathic granite of igneous origin. 

Near the mill, on a little branch just below the mouth of Trout Creek, 
there is a high rounded peak with a crat«r-formed depression at the 
summit which is grassed over, while all around the iim there is a ftiuge 
of piues. I am inchned to think it is an old volcano. 

At the point where ChalkOreek emerges &om the eruptive range, the 
sides of the carton present a singular white chalky appearance. This 
seems to he due to the decomposition of the eruptive rocks, which ap- 
pear to be true dolerite. 

The drift evidences in this valley are very conspicuous. All along 
the Arkansas and m the valleys of the little branches axe very thick 
beds of water- worn boulders of all sizes. The last of the eroding forces 
seems to have come from the range of mountains on the west side. 

The granite on the east side of the river possesses, in a wonderfid de- 
gree, the tendency to disintegrate by exfoliation. There is a kind of 
bedding which breaks the extbliation or confines it. In these massive 
granites there are two sorts of cleavage besides the lines of bedding; one 
of these is usually vertical and has a strike- northeast and southwest, 
and the other southeast and northwest, inclining twentytolbrty degrees. 

On the sununit of the mountains is a series of beds, one above the 
other, of what appears to be basalt, and these beds with the granites 
beneath them incline each way from Trout Creek Valley northejist and 
southwest, forming what appears to be an anticlinal. 

As we ascend Trout Creek Pass, we find gi-auites of all textures from 
very fine compact feldspathic to a coarse aggregate of crystals. There 
are also many intrusions of trap. All the rocks seem to weather in 
the same way, by exfoliation, as if it were the desire of nature to round 
off all sharp points or comers. I think it may be said that Tront Creek 
Valley is a true anticlinal. . 

Some time before reaching the top of the pass, we find on the sides ol 
the vAlley low foot-hills of carboniferous limestone, remnants of a once 
continuous bed. As we emerge into a little park, just before reaching 
South Park, we pass through a sort of caBon, with walls of carbon- 
iferous limestone on each side, inclining northeast at an angle of 
eighteen to twenty degrees. This lunestone rests directly upon the 
massive granite, and the bedding of the granite mclmes in the same di- 
rection and at the same angle. The limestones are from three hundred 
to four hundred feet in thickness. There is one bed, about thu-ty feet 
thick, of rusty quartzose sandstone about the middle of the limestone. 
The lower beds are very hai-d, bluish, and eherty; but the upper ones 
are yeUow, purer, and contain imperfect fragments of fossils. 

There are here also several examples of the outbursts of basalt, assum- 
ing very marked castellated forms. 

As we pass into this small park, which is about five or six miles long 
and two wide, we have on the north side of the road a bed of very thinly 
laminated black shale, passing up into a great thickness of laminated 
sandstones, allindining northeast fltteeu degrees, and on the summits of 
the mountains, four hundred to sis hundred feet directly above, are beds 
of Umestone and quartzite inclining in the same dkection. The black 
shales have been prospected for coal. Toward the upper end of this 
little park is a series of beds, some of them with a reddish tlng(^ 
composed of alternate thin beds of shale, sandstone, pudding-stone, and 
arenaceous limestones, which belong underneath the black shales before 
mentioned. 
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It seems to me that these beds are jnrassic, or mueh newer than the 
carboniferous, but in the upheaval have fallen down Itelow the carbon- 
iferous limestones, which have been lifted far up in the ridge beyond. 
As we ascend the ridgo which forms the southwestern rim of the South 
Park, we meet with what appears to be the same black shales and sand- 
stones on the summit, which we saw some hundreds of feet lower in the 
small park. 

The South Park is completely surrounded with gigantic ranges of 
mountains, and inside of them the sedimentary rocks, when exposed, 
seem to dip toward the center of the park. Indeed, I ^ould regai-d the 
South Park as one immense quaqnavereal, 

Around the salt works is a group of laminated sandstones, mostly 
brown and gray, overlaid by a great thickijess of light gray gypsiferous 
marl with a bed of crystaUized gypsum four feet thick. The valley in 
which the salt springs are located is covered with an efflorescence of 
what is usually called in this country "alkali," On the east side of the 
creek which runs past the salt works is a high isolated balsatie butte. 
About a fourth of a mile east there is a hill composed of the gypsiferous 
marls, on the surface of which are numerous deposits of calcareous tufa, 
as if a number of springs had issued ftom it in tbrmer times. 

These salt works are quite extensive and costly. The springs are two in 
nnmber, but the brine is not abundant or strong. Salt has been manu- 
factured here in considerable quantities, and a large portion of Colorado 
has been supplied with it. These springs are very interesting in a geo- 
logical point of view, though their origin is somewhat obscure to me, 
yet I believe they belong to the triassic or saliferous sandstones. 

About four miles north of the salt works is a high ridge, inclining 
northwest twenty degrees, composed of a series of variegated sandstones 
and shales three hundred to four hnndred tfeet thick. These are, with- 
out doubt, the group which I have usually called triassic, or red beds. 
Still further north we find them inclining southCEist, with several thin 
beds of blue, very hard, cherty limestone, which is characteristic of the 
red beds. Near Fairplay the brick-red beds are weU shown. It seems, 
therefore, certain that the principal sedimentai-y rocks which are found 
in the South Park are triassic 

About ten miles south of Pairplay several thin beds of blue, close, brit- 
tle limestone appear, intercalated among the red sandstones, dipping a 
little east of south, forming a sort of synclinal} that is, the dip is nearly 
opposite that of the beds near the salt works. These limestones, with 
the red sandstones, may possibly be of permian age. No fossils could 
be detected in them. The sandstone is in some cases micaceous, or 
composed ofmica and small crystals of quartz; in others, a fine aggregate 
of worn pebbles, a sort of flue pudding-stone. These variegat^ or red 
beds continue close up to the eruptive ranges for five miles. North and 
west from Pairplay we come to a high ridge of sandstone with a reddish 
tinge and slightly calcareous, the dip being north of east, or nearly east, 
and the ridge forming a marked line running nearly north or soutii 
through the middle of the park, from the mountains nearly to the salt 
works. Just east of this ridge is another ridge of quartzose sandstone or 
cretaceous. Then comes a very large thickness of the laminated creta- 
ceous clays, covering the country for about fifteen miles. Near McLaugh- 
lin's, twelve miles northeast of Pairplay, the Ugnite tertiary sandstones 
and clays overlie the cretaceous and jut up against the mountain side. 
About a mile north of the ranch Mr. McLaughlin has opened a coal mine. 
He sunk a shaft eighteen or twenty feet through a bed six to ten feet of 
very impure coal; some portions of it can be used for fuel. The dip of the 
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coal bed is forty-live degrees northeast from the base of the mountains, 
which are not more than a quarter of a mile distant Mr. McLanghUn in- 
formed me that he had found "oak leaves" in the shale above the coal. 
These beds occupy the entire north end of the park, and no older rocks are 
seen between them and the eruptive foot-hills of the mountains. It seems, 
therefore, that the source of the elevating forces that upheaved these 
sedimentary formations was in the range of mountains that form the 
western rim of the park, and, so far as I could ascertain, there are no 
true ridges of upheaval on the eastern side. Exposures of eruptive 
rocks are seen everywhere all over the parlt. 

There are several localities where these rocks are thrust up through the 
cretaceous and tertiary beds, and in the middle and southern poi-tions of 
the park are quite lofty isolated buttes and mountains of eruptive rocks. 

But one of the most conspicuous formations and greatest in extent 
and importance is the boulder drift. This seems to be mostly confined 
to the northern and northwestern portions of the park where the princi- 
pal placer diggings occur. In the valley of the South Platte, especially 
near Fairplay, there is a prodigious exhibition of the boulder formation. 
The rocks are well rounded by attrition, and apparently have been swept 
down, from the mountains. Wherever the drift occurs, there are long 
table lands or terraces, especially in the vicinity of the little sti-eanis, and 
they seem to be planed down with such wonderful smoothness that it must 
have been done by the combined action of water and ice. 

Along the west and north sides of the park are alarge number of lofty 
eruptive peaks, which seem to me old volcanic cones. One of the peaks in 
the range west of Fairplay seems to have a crater-like summit, the rim 
broken down on the east side. All around the inside of the remainder of 
the rim the layers of basalt appear like strata, inclining fi-om the opening 
in evei-y direction as if the melted material had been poured out and had 
flowed over the sides, in regular strata. There are also tremendous 
iiirrows down the sides of others. In the mountains north of the park 
are huge depressions in these volcanic rangeSj the sides of which 
are quite red, as if they had been in active operation at a comparatively 
modem period. I am, therefore, inclined to believe that the magmficent 
range of mountams on the west side of the Arkansas River, exteudmg 
far northward, is one series of old volcanic cones. As we leave the 
plains and ascend the mountains at the northeast side of the park, we 
pass immediately from the older tertiary beds, covered thickly with dnft, 
to the metamorphic rocks mingled with outbursts of eruptive rock. To- 
ward the summit there was a great series of gneissic beds of all vaneties 
and textures. All these mountains east of the park have a gneissic and 
granitic nucleus. As we descend the valley of a small branch of the 
North Pork of the South Platte fi^m the Kenosha House, we pass down 
a monoclinal rift. On the west side is the slope covered with a thick 
growth of pine and spruce, while on the left side are the projecting edges 
of the massive red feldspathic granites with two sets of cleavage Imes ; 
the vertical with a strike northeast and southwest, and the other |Bchn- 
ing at an angle of thirty degrees ; the strike, southeast and northwest ; 
wMle the bedding inchnes with the hills. The bedding is so regiUar 
and massive that it looks like ma^ve sandstone stratiflcatiou. The 
Platte, with all its little branches, flows through these rifts or intervals 
between the ridges ; one side of the stream, a plain gradual slope ; the 
other, extremely abrupt, with the rugged ends of the gneissic or granitic 
rocks projecting out in a most remarkable manner. After passing 
along massive granite walls about five miles, we go through four or flve 
miles of singularly banded gneiss, and then massive granite again ot 
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every degree of texture, from a fine, close feldspathie rock with uo mica, 
to a coarse aggregate of quarts and feldspar and fine particles of mica. 
One of the interesting features of these mountains is the fact that all 
the little streams find their way throngh these monoclinal valleys. We 
see also the main axis of the range, composed of massive granite mth a 
distinct bedding, which is sometimes inclined and sometimes horizontal 
with the banded gneiss inclining from each side. It seems quite clear 
that each one of these great ranges of mountains is a grand anticlinal 
with a massive granite axis, with, the gneissio granites incliniug from each 
side in the form of ridges, among which the various sti-eams find their way. 
The trend of these ranges is in the most eases northwest and southeast, 
or nearly so. Some of the gneissic rocks in the Platte Valley look like 
laminated sandstone with a regular dip eighteen to thirty degrees. 
The tops of the highest ranges are, in some cases, covered very thickly 
with loose fragments of rocks. 

Passing down from the junction to Denver we have some of the finest 
examples of jointage structure in the gneissic rocks that I have ever 
seen ; there are two lines of fracture — one with a direction northeast and 
southwest, the other northwest and southeast, with the lines of bed- 
ding — making a flue study for the geologist. Some of the beds axe thus 
broken into nearly square blocks, and others in diamond-shaped masses. 

On reaching the base of the mountains the usual ridges of sediment- 
ary rocks are passed over — ^red beds, Jurassic, cretaceous, and tertiary. 
The tertiary beds commence within a mile of the foot of the mountains, 
soon becoming horizontal in their position, and before reaching Denver 
they are scarcely seen on account of the superficial deposit of drift and 
alluvial which covers them. 



CHAPTER X. 
TRIP TO MIDDLE PARK, 

Our route to the Middle Park was through the Berthoud Pass, from 
the valley of Clear Creek. The range of mountains in which the pass 
is located is composed of gneissio rocks — as are all the ranges in the 
Hiining districts. The ascent was very st-eep on the south side, up to the 
region of perpetual snow; but the descent on the north side is quite 
gradual. 

Great quantities of loose materials from the basis rocks are scattered 
thickly over the summits, of every variety of the metamorphic class. 
Most of the peaks are well rounded, and covered with soil and vegeta- 
tion. Grass and flowers grow far up above the limits of arborescent 
vegetation. As we ascend, the pines, spruces, and cedars dwindle down 
in size until they become recumbent and trail on the ground. Some of 
the highest peaks are very sharp and covered with loose rocks, as if only 
the usual atmo^heric influences had ever affected them. Their sides' 
are often massive escarpments of rocks down which an infinite quantity 
of fragments have fkUen, making a vast amount of debris at the base. 
Of course their rocky sides are entirely fre« from vegetation, and the 
oxide of iron gives them a rusty reddish appearance. One mountain at 
the head of Clear Creek is called Red Mountain, from the feet that the 
rocks have a bright red color in the distance. Tlie evidences of the out- 
pourmg of igneous rocks in this moimtain are very marked; indeed, it 
may be called an eruptive range. 
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Prom the summit of Berthoud's Pass, at a height of eleven thousand 
eight hundred and sixteen feet, we can look northward along the line of 
the main range, which gradually flejtes around to the northwest, while 
the litUe streams seem to flow through the rifts. The general appear- 
ance of the western slope of this great range would indicate that it is a 
huge anticUnal composed of a series of ranges on each side of a common 
axis, and then smaller ranges ascend like steps to the central axis. The 
■western side of this ridge slopes gently, while the eastern side projects 
over ahruptly. This main range also forms a narrow dividing line, or 
" water-divide," between the waters of the Atlantic and Pa<ifle. I stood 
where the waters of each side were only a few feet apart, and felt a real 
joy in passing down the western slope of the mountain by the side of a 
pure crj-stal stream whose waters were hastening on to the great Pacific. 

Al l down the western slope is a great thicltness of superficial material, 
loose sand, decomposing feldspar, with partially worn rocks of all sizes. 
This is due quite evidently to local influences, ice and water wearing 
down the sides of the mountauia and depositing the material adhering 
to the masses of ice along the slopes. 

The springs of water are very numerous, and the water seems to col- 
lect iu.the thick grass and moss-covered eaith, forming large bogs. It 
is also interesting to watch the growth of a stream from its source, re- 
ceiving in its way the waters of myilads of springs, nntU it becomes a 
river too formidable to ford easily. The little stream which rises in the 
pass we followed to the Park, where it is fifty yards wide, and contains 
an abundance of fine trout, 

The Middle Park is really made up of a number of smaller parks, 
which are somewhat independent of ea^h other. Each one may present 
different geological formations. The little park on the south side, which 
we first enter, is a very beautiful one. The grass is luxuriant, and the 
timber excellent. None of the older sedimentary rocks were seen along 
the flanks of the mountains, but a recent tertiary deposit seemed to 
cover the country. On the east side of Fraser Creek there is a long, 
high ridge, which is cut by the stream in several places, formed of the 
white and yellow sands and marls which mark the pHocene tertiary on 
the east side of the mountain. I have no doubt that it is a formation 
of the same kind as that of the Arkansas marls, and cotemporajieous 
with it. 

Along this creek there are some massive walls of this formation, mostly 
yeUow marls, but some layers of sandstone. This ridge extends fram 
the mountains far northward, and is about two miles wide; and between 
it and the immediate base of the mountains is situated a beautiful valley 
of considerable width. 

The Middle Park is apparently a quaqnaversal, surrounded by the lofty 
snowy ranges ; and the lower ranges descending like steps to the valley 
which constitutes the true park. The park does not appear to be more 
than from ten to twenty miles wide front east to west, and from fl^ty to 
sixty long from north to south. In this park also the ranges of moun- 
tains so sun-ound it. that the slopes seem to form a sort of quaquaversal 
inchning toward a common center. 

Viewed from Middle Park, Long's Peak, and the range immediately 
connected with, has a rugged, saw-like edge, as if composed of eruptive 
rocks, and ridge after ridge inclines from it in regular order. 

About ten miles north of our campj in the first parkj we come to low 
ridges of massive red tfeldspathic granite, and parallel with these granite 
ridges are a^series of sedimentary beds, commencing with the hrick-i'ed 
be<&. The strike is nearly north and south, and the dip west. These 
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ridges are all so grassed over that the true nature of the underlyinfr 
rocks is not easily determined. Then comes ridge after ridge until all 
the beds— Jurassic and cretaceous — are shown. 

On this stream we have a fine system of terraces. On the nortli side 
are three distinct terraces above the bottom, and the lowest one has a 
bed of cretaceous sandstone, nearly horizontal^ cropping out at its base. 
This is a low one, not more than iifteen ieet Mgh; tiie next one is fifty 
feet Mgh, and the third, which descends from the high hiUs, is two hnn- 
dred feet. A little west of south, at the junction of G-rand Kiver with 
Fraser Creek, five high peaks are visible, which form in tliat direction 
a part of the main range. All around us, in every direction, we could 
see the snowy peaks, and the beds which form the ridges of upheaval 
Inclining in every direction. 

To the south of the park the older sedimentary rocks dip north m 
lofty ridges, at least two thousand feet high, presenting high escarp- 
ments when split by streams, and reaching almost the highest margin 
of the mountains. 

About ten miles above the hot springs. Grand River flows through an 
enormous gorge cut through a high ridge of basalt, which seems to be 
an intrusive bed, for above and below, the sedimentary rocks are weU 
shown, but partially changed. Underneath are the cretaceous shales of 
Nos. 4 and 6, and above are the lignite tertiary beds. These beds all 
dip west twenty-three degrees. 

These eruptive rocks are very rough, as if they had be«n poured out 
without mnch pressure. Much of it is a very coarse conglomerate, the 
inclosed masses appearing to be the same kind as the paste ; that is, orig- 
inally, of igneous origin. Some of the inclosed rocks are very compact, 
close, and all were, more or less worn before being inclosed. This rock 
is a true dolorite. I did not see any inclosed masses that I could call 
unchanged. This basalt extends a great distance, continuing a nearly 
uniform thickness, and inclining in the same direction with the cretaceous 
beds below and the tertiary beds above. 

On both sides of Grand Eiver, but especially on the east and north- 
east sides, extending up nearly to the foot of Long's Peak, are quite 
large exposures of the recent tertiary beds. They are nearly horizontal, 
and have much the appearance in color of the Fort Bridger beds, of 
which Church Buttes is an example. These beds are composed, for the 
most part, of fine sand and marl, but there are a few small rounded 
boulders scattered through it. Below the gorge, on the north side of 
Grand Eiver, these outflows of basalt have formed some well-deflned 
mesas; at least three beds ascending like steps from the river. Below 
the gorge the river flows tlu-ough what seems to be a rift of basalt, that 
is, on the north side. The basalt lies in horizontal beds, but on tUe south 
side is the sloping side of a basaltic ridge. The dip is nearly northwest, 
though the trend of this basaltic ridge is by no means regular. One 
portion of it has a strike northwest and southeast, and another nortl^, 
and south. The tertiary rocks reach a great thickness, and are elevated 
high up on the top of the basaltic ridge, eight hundred to one thousand 
feet above the river. They are m ostly formed of flue sandstone and pud- 
ding-stone. These fine sandstones contain some well-marked impres- 
sions of deciduous leaves, among which are good specimens of Flatamis 
Tiaydmi. On the north side of Grand Eiver, in some localities, the tertiary 
beds are elevated so high, on many of the eruptive mountains, that they 
are covered with perpetual snow. These eruptive beds are certainly 
among the most remarkable examples of the overfiow of igneous matter 
Wbat I have cvct seen in the West. 
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At one locality I saw a remarkable intrusive layer between the red or 
variegated beds wliich are supposed to be triassic and the Jurassic. It 
is a very compact, heavy syenite, and forms a ridge of upheaval, and 
dips in &e same direction and at the same angle with the unchanged 
beds above and below. 

About four miles below the first basaltic caEon on Grrand Eiver, 
apparently tie same ridge comes close to the river again. On the north 
side there is a high basaltic uplift, which shows well marked lines of 
stratification, as if the melted material bad been poured out in thin reg- 
ular sheets or layers. The dip is about north. In many places the 
entire mass is made up of a coarse conglomerate, and has the peculiar 
steel color which seems to characterize modem eruptive rocks. The dip 
of this basaltic ridge, at this point, is thirty-six degrees. On the oppo- 
site side of the river tihere is an isolated portion cut oft' from the main 
ridge, with a dip about south or southeast twenty-four degrees. 

Continuing our way west down Grand Eiver we pass over a series of 
upturned ridges of sedimentary rocks, inclining in the same direction 
with the basaltic ridge trending parallel wilih it, composed of cre- 
taceous and older tertiary beds. Looking eastward from the Grand 
Canon, below the hot springs, this remarkable basaltic ridge seems to 
form a semi-circle with a general dip about north. 

Immediately below the hot springs the Grand Caiioii commences, 
and the river cuts its way through an upheaved ridge of massive 
feldspathie granite for three miles between walls from one thousand to 
one thousand five hundred feet high. The south side is somewhat sloping 
and covered thickly with pines, while the north side is extremely rugged, 
the immense projecting masses of granite forbidding any vegetation to 
gain a foothold. It would seem that the river had worn its way through 
a sort of rift in the granite, but at the upper end it has cut through the 
uplifted sedimentary ridges nearly at right angles. In some places the 
north side is gashed out in a wonderfully pictiu-esque manner, so that 
isolated columns and peaks are left standing, while all the intermediate 
portions have been worn away. This granite ridge will average perhaps 
live miles in width, and extends an unknown distance across the park 
northeast and southwest, and it is from the southeast side that the 
ridges of upheaval above described incline. 

The granite ridge seems to form a sort of abrupt anticlinal. On the 
southeast side the rocks are all bare or covered with a superficial deposit 
of recent tertiary marls. None of the older unchanged rocks are seen 
on this side, but the modem sands and sandstones are exposed in a 
horizontal position in the channel of the river. 

The hot springs are located on the right bank of Grand Eiver, at the 
juncture of ttie sedimentary rocks with the granites. Just east of the 
springs is a high hill, Mount Bross, one thousand to one thousand two 
hundred feet above Grand Hiver, which seems to be composed mostly of 
the older tertiary strata, alternate yellow and gray sandstones, and lamin- 
ated arenaceous shaly days. The whole is so grassed over that it is diffi- 
cult to take a section. The beds incline east of north at a small angle. 
I regard the beds as of the age of the coal formations of the West, older 
tertiary. I found excellent impressions of deciduous leaveSj among 
which ai'e those of the genus Magnolia. Just opposite the springs, the 
left bank of the river shows a perfect section of all the layers from 
the cretaceous to the Jurassic, The bank is not more than ten 
feet thick above the water, and yet it shows that the river itself rolls 
over the upturned edges of all these beds. 
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The Bection ia descending order is as follows: 

1. Tertiary strata forming the greater part of the hill known as Mount 
Bross, 

2. Gray laminated sandstones passing down, into arenaceous clays 
■with Bamdites ovatus, &c. 

3. Black clays of No. 4. These are of great thickness and every vai'icty 
of texture. As shown in a cut bank of the river it is yellow arena- 
ceous clay with layers of sandstone, in which the impression s of deciduous 
leaves were observed. These layers project np, a distance along the 
bank, of seventj^ paces. 

4. Dark plastic clay with cone in cone, seams of impure clay, iron ore. 
Then comes an interval in which no layers could he seen, sufficient to 
include No. 3 — ^two hundred and llifty paces. 

5. Dark steel-black laminated s^te, with numerous flsh scales ; dip, 
twenty-seven degrees. This slate passes down into alternate layers of 
rusty sandstone and shaly clay. 

In the upper bed of sandstone and shaly clay are obscure vegetable 
impressions, leaves, stems, nuts, &c., evidently deciduous. In the npper 
bed of sandstones are two or three thin seams of carbonaceous shale, and 
, the intervening layers of sandstone are almost made up of bits of vegetable 
matter. Toward the lower, it becomes a hard mud rock passing down 
into iTisty yellow sandstone with all sorts of mud markings. Then comes 
a bed of bluish plastic clay with sulphur and oxide of iron ; dip, thirty- 
three degrees. Then rusty flne-grained gray sandstone passing down 
into a very close massive pudding-stone, composed of very smooth 
nicely-rounded pebbles, cemented with silica. This stone would be 
most excellent for building material and is susceptible of a very fine 
polish. A fracture passes directly through the pebbles, the paste being 
harder, if anything, than tte inclosed pebbles; dip, thirty-one degrees. 
This is a very thick bed and is a portion of No. 1, cretaceous, or a sort of 
transition bed between the cretaceous and the Jurassic. 

The red and variegated beds lie fairly upon the gneissic granites, and 
although they are shown very obscurely here, yet I think they must 
exist, inasmuch as they are so well revealed not more than fifteen miles 
east of this point, so that I have no doubt they are lost beneath the mass 
of superincumbent material. Ithinkthelight-coloredclajs lying under- 
neath the bed of chalky clay, are Jurassic. There is a bed of flue 
gritty clay underneath the pudding-stone which would make excellent 
hones. 

In the intercalated sandstones above the pudding-stones are plants 
just like those observed in No. 1 at Sioux City, on the Missouri Eiver, 
and the composition of the strata is the same ; there is a Saiix, a con- 
iferous plant, the cones of a pine, &c 

I have given this detailed description of the cret-aceous rocks to show 
the exceeding variableness of their texture,_ and also to call the atten- 
tion of scientific men, who may hereatter visit this interesting locality, 
which win soon become celebra,ted, to a section of the TOck through 
■which the waters of the spring must pass in reaching the surface. Now 
in whatever rocks these springs may originate, the water must pass a 
long distance through the almost vertical strata of the cretaceous period, 
in the sediments of which are found in other localities nearly all and 
perhaps all the mineral constituents found in these springs. The deposits 
around these springs are very extensive. No analysis has as yet been 
made, but large masses of gypsum and native sulphur can be taken out 
at any time from the sides of the large basin-like depression into which 
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tbo water flows. Tliey are properly " Hot Sulphur Springs," varying in 
temperature from eighty to one hundred and twelve degrees. 

About fifteen miles west of the springs is the valley of the Troublesome 
Creek, a small branch of the Grand Elver, flowing from the basaltic 
mountains on the northern side of the park. 

I visited this region under the guidance of Mr. Sumner, an old resident 
of the park. The surface of the country along our road was strewn with 
eruptive rocks. We saw several locahties where the basaltic rocks 
protruded, and one place in Corral Creek, about eight miles west of 
Grand River, whore the little stream has cut a deep channel through 
the red granites. The older tertiary beds appear &<Jm time to time. 

Troublesome Canon, at the head of the creek bearing this name, is 
entirely basaltic, and the rugged walls not only of the main stream but 
also of the little branches, form a most picturesque view. 

Below the cafion, the valley of Ti'oublesome Creek, and also that of 
Graud Elver near the junction, is occupied by belts of modern tertiary 
sands and marls hke those observed at the entrance to the park, by 
Berthoud's Pass. Where the little stream cuts the terraces, horizontal 
strata of whitish and flesh-colored sands and marls are exposed. I looked 
in vain for fossils and found only specimens of wilicified wood. There 
ai* cold sulphur springs in this valley. All through the park, the 
benches or terraces are conspicuous in the vicinity of streams, as at the 
base of mountain ranges. In the park through which I'razer's Creek 
flows, these benches or terraces are most beautifully carved out fi-om the 
modem marls. 

I regret that my visit to the Middle Park was so short that I could 
not explore the entire area with care, for few districts in the West can 
attoM more material of geological interest, and an entire season could 
be spent studying its geology and geography with great profit. 

The agricultural resources of the Middle Park are as yet unknown. No 
attempt has been made to cultivate any portion of it. Grass and graz- 
■ ing are excellent and the soil good, and if the climate will permit, all 
kinds of garden vegetables could be raised in abundance, and some 
varieties of the cereals. Timber is abundant both for lumber and fuel. 

In summing up the geology of the Middle Park, we find that all the 
sedimentary rocks known in ^is country are found there. I did not see 
any beds that I could define as carboniferous, but the triassic, Jurassic, 
cretaceous, and tei-tiary are well developed. I have no doubt as to the 
existence of true carhouiferous limestones in the Middle Park. 

The tertiary deposits of this region, may be divided into two gi-oups, 
viz, the lignite or older tertiary, and the modem pliocene marls and 
sands which seem common to the parks and mountain valleys. The for- 
mer conform perfectly to the older beds, while the latter seldom incline 
more than three to Ave degrees, and do not conform to the older rocks. 
The marl group is undoubtedly contemporaneous with the Aikansas and 
Sante F6 marls. 

The geological structure of the Middle Park is more varied, eompli 
cated, and instructive than that of any other of the parks. 
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CHAPTER XI. 

THE GOLD AND SILVER MINES OF COLOEADO. 

I will confine my remarks mostly to the geological features connecteci 
with these mines,' inasmuch as Mr. Frazer, in his report appended, has 
fully treated this suhject. 

The gold and silver lodes of this Territoiy, so far as they are observed, 
are entirely composed of the gneissic and granite rocks, possibly rocks of 
the age of the Laurentian series of Canada. At any rate, all the gold- 
bearing rocks about Central City are most distinetly gneissic, -while those 
containing silver at Georgetown are both gneissic and granitic. The 
mountains in which the Baker, Brown, Coin, Terrible, and some other 
rich lodes are located, is composed mos% of gneissic and reddish feld- 
spathic granite, while the Leavenworth and McOlellau Mountains, 
equally rich in silver, are composed of banded gueiss, with the lines of 
beddiiig or stratification very distinct. 

There is an important question that suggests itself to one attempting 
to study the mines of Colorado, and that is the cause of the wonderful 
parallelism of the lodes, the greater portion of them taking one general 
" direction or strike, northeast and southwest. We must at once regard 
the cause as deep-seated and general, for we find that most of the veins 
or lodes are true fissures and do not diminish in richness as they are 
sunk deeper into the earth. All. these lodes have more or less clearly 
defined walls, and some of them are quite remarkable for their smooth- 
ness and regularity. We assume the position that the filling up of all 
these lodes or veins with mineral matter was an event subsequent to 
any change that may have occurred in the country rock. How, if we 
look carefully at all the azoic rocks in this region we shall find more or 
less distinctly defined, depending upon the structure of the rock itself, 
two plaufiB of cleavage, one of them with a strike northeast and south- 
west, and the other southeast and northwest. Beside these two sets 
of cleavage planes there are in most cases distinct lines of bedding. 
The question arises, what relation do these veins hold to these lines of 
cleavage! Is it not possible that they occiipy these cleavage openings 
as lines of greatest weakness ! 

I have taken the direction of these two sets of cleavage planes many 
times with a compass, over a large area, and very seldom do they diverge 
to any great extent /rom these two directions, northeast and southwest 
or southeast and northwest. In some instances the northwest and south- 
east plane would flex around so as to strike north and south, and the other 
one so as to trend east and west, but this is quite seldom, and never occurs 
unless there has been some marked disturbance of the rocks. There are, 
however, a few lodes which are called " east and west lodes," and some, 
" noith and south." A few have a strike northwest and southeast, but 
are generally very narrow and break off from the noi-theast and soutlt 
west lodes, are very rich for a time and then "pinch" out. It would 
seem therefore quite possible that the nortlieast and southwest veins 
took the lines of cleavage in that direction aa lines of greatest weakness, 
and that the northwest and soutbeast lines cross the other set, and 
that a portion of the mineral material might accumnlat* in that; cleavage 
flssui'e. I merely throw out this as a hint at this time, which I wish to fol- 
low out in my future studies. I am inclined to believe that the problem of 
the history of the Eocky Mountain ranges is closely connected with 
these two great sets of cleavage lines. As I have before stated, my own 
observations point to the conclusion that the general strike of the met- 
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amorpliic ranges of mountains is northwest and sontheast, and that the 
eruptive trend northeast and southwest. The dikes that sometimes 
extend long distances across the plains, ia aJl cases trend northeast and 
southwest, or occasionally east and west. The purely eruptive ranges 
of the northern portion of the San Luis Valley seem to be composed 
of a . series of minor ranges " m dohelon" with a trend northeast and 
southwest But as soon as this range joins on to a range with a meta- 
morphic or granitic nncleus, the trend changes around to northwest and 
southeast. Many of the ranges have a nucleus of metamorphie rocks 
though the central and highest portions may be composed of eruptive 
peaks and ridges. In this case the igneous material is thrust up in lines 
of the same direction as the trend. It becomes therefore evident that 
aU the operations of the eruptive forces were an event subsequent to 
the elevation of the metamorphie nuclens. This is shown in hundreds 
of instances in Southern Colorado and New Mexico, where the eruptive 
material is oftentimes forced out over the metamorphie rocks, conceal- 
ing them over large areas, 

AU over the mining districts are well-marked anticlinal, synclinal, and 
what I have caUed monodinal valleys. Nearly all the little streams flow 
a portion or all their way through these monoclinal valleys or rifts. In 
most cases the sti-eams pass along these rifts from source to mouth, but 
occasionally burst through the upheaved ridges at right angles, and 
resuming its course again in some monoclinal opening. There are afew 
instances of these streams flowiug along anticlinal valleys, and by any one 
these remarks will he at once understood by studying the myriad little 
branches of Clear Creek or South Platte, which flow for long distances 
through the mining districts. 

In these valleys are oftentimes accumulated immense deposits of 
modem drift Sometimes there are proofs that these valleys have been 
gorged for a time, and a bed of very coarse gravel and boulders will ao- 
cnmulate, hundreds of feet in thickness. Near Georgetown there is a fine 
example of this modem drift action. 

It would seem that the valley of that branch of Clear Creek, iu which 
the Brown and Terrible silver lodes are located, was gorged at one time, 
perhaps, with masses of ice, and the iine sand and coarse materials 
accumulated against the gorge, and at a subsequent period the creek 
wore a new channel through this material. The upper side of this drift 
deposit is flne sand, but the materials grow coarser as we descend, until, 
at the lower side, there are immense irregular or pai-tially worn masses 
of gramte. On the sides of the valley the rocks are often much smoothed 
and grooved as if by floating masses of ice. We assume the position, of 
which tliere is most ample evidence all over the Eocky Mountain region, 
that at a comparatively modern geological period the temperature was 
very much lower than at present, admitting of the accumulation of vast 
bodies of ice on the summits of the mountains. The valley of the South 
Platte, as that stream flows through the range east of the South Park, 
show, not only these accnmulations of very coarse boulder drift, but when 
this drift is stripped off, the underlying rocks are found smoothed, and, 
in some instances, scratched, as if by floatmg icebergs. 

In regard to the character of the gold and silver mines of Colorado, 
much information of pi-aetical value has been secured, but my limited 
time will not permit me to present it in detail in this preliminary report. 
_ It will be more fully elaborated during the coming winter. I would 
simply remark that my observations indicate to me that the silver mines 
of Georgetown are very rich and practically inexhaustible, and that, 
under the present system of working them, they are becoming daily 
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more and more important. Tlie amount of labor that is continually 
expended in opening mines and driving tunnels is immense, and tlieii" 
future importance as a source of wealth to the country greatly in- 
creased. The same remarks will apply to the gold mines of Gilpin 
County. There are some remarlcably rich lodes which have yielded the 
enterprising miners untold wealth, and some that will continue to do so. 
In the majority of cases, where proper management and economy have 
been employed, the mines have been a great source of profit to the 
miner. It is not necessary to enter into the causes of the wonderful 
failures and swindling operations which have brought Colorado into 
such disrepute in the past. It is sufficient for me to state my belief that 
the mining districts of Colorado M^Ol yet be regarded as among the richest 
the world has ever known. 



CHAPTER XII. 

KEVIEW OF LEADING GROUPS, ETC. 

This final chapter to my report, which I have added here, will contain 
a brief reriew of the leading groups of strata noticed in this and my 
previous reports, as well as a few additional observations and chemical 
analyses. The details of my labors will be presented in my final reports 
at some future period, 

I have already alluded to my belief that this western country during 
the tertiary period was covered to a greater or less extent with a chain 
of brackish or fresh- water lakes; that the tertiary period began its 
existence with brackish water deposits, which gradually became fresh 
water, and thus continued up to the present time. It is hardly possible 
to synchronize all these groups of strata with our present knowlege; 
but in order that our efforts in that direction may be facilitated, I have 
thought it best to give them specific names, which may be regarded 
provisioned for the present. Each one of these groups will doubtless 
afford a flora and fauna to a certain extent peculiar to itself, and a 
greater importance will be attached to it when grouped around some 
specific names. 

Proceeding southward from Cheyenne we pass over tlie coal forma- 
tions of the tertiary period, which have already been called, on the 
Upper Missouri, the Fort Union group. This group I regard as marking 
the dawn of the tertiary age in the West, and as covering a far more 
extended area than any other group of this ejKich. It is continuous 
southward from the Missouri V^ley to Colorado, interrupted only by a 
belt of White Elver beds about two hundred miles wide. I think these 
beds also extend far northward into the British possessions, probably 
nearly or quite to the Arctic Sea. 

About forty miles south of Denver we have a high divide, or ridge^ 
whidi forms a sort of water-shed between the Platte and Arkansas 
Kivers. This is composed of a group of strata, mostly sandstones and 
sands jutting up against the mountains in a slightly disturbed position 
and not conforming to the older rocks. These beds are undoubtedly 
middle tertiary, and I have called them the Monument Creek group. 

I do not think that such terms as eocene, miocene, pliocene, &c., are 
at aU applicable to the tertiary deposits of the West, and I therefore 
designate them as lower, middle, and upper tertiary. I regard all the 
coal beds of the West as lower tertiary. It is true that some of these 
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beda of lignite, or impure coal, or carbonaceous clay, are found in groups 
of strata which should be classed as middle tertiary ; but these do not 
eeem in any case to be of any economieal importance. 

Fear Hard Scrabble Creek, a small branch runniug into the Arkansas 
Biver just below Caiion City, there is a small area, about eight miles 
square, occupied by coal strata, for which I propose the pro\TsiouaI 
name of Cafion City group. I have but little doubt that careful study 
will show that it is a fragment of the great lignite group of the North. 
The next group comprises the coal beds of the Eaton Hills, which 
I suspect is also a porfclou of the great lignite group, and will event- 
ually be found to be synchronous with it. I have called it the Eaton 
Hills group. 

The next group of coal strata oeeurs in Placer Mountains, ISew Mex- 
ico, about thirty miles south of Santa Fe. The lithological character of 
the beds or rocks are very similar to those of the Ugnite group further 
nortli, but the evidence in regard to their age, or parallelism with the 
lignite grpup, is not so clear. While I regard the true coal beds of the 
West as lower tertiary, yet these Placer Mountain beds present the 
appearance of greater antiquity than the coal beds fmrther north. StQl, 
the numerous varieties of deciduous leaves which I have obt-ained from 
rocks just overlying the coal beds indicate that they are lower tertiary; 
and with this belief I have named them the Placer Mountain group. 

Overlying the Placer Mountain beda, in the valley of Gallisteo Creek, 
is a vast thickness of exceedingly variegated sands, sandstones, and 
calcareous sandstones, characterized mostly by containing an abundance 
of silicifled wood; but no other fossils have, as yet, been discovered. 
I have given this series of beds the name of Gallisteo sands, and they 
are doubtless middle tertiary. 

In the valley of the liio Grande, at least from Albuquerque to the 
north end of San Luis Valley, a series of marly sands of a light color 
prevail to a greater or less extent. They exhibit their greatest thick- 
ness nortb of Santa F6, To this group I have given the name of Santa 
F6 msi'is ; and they ai'e doubtless of the age of upper tertiary, and 
synchronous with the upper beds, of the White Eiver group as seen 
along the North and South Forks of the Platte and near Cheyenne. 

In the v^ey of the Arkansas, north of the Poncha Pass, is a fine 
development of the light-colored marts, doubtless of the same age with 
the Santa F6 marls, which I have designated by the name of the 
Arkansas marls. I have as yet obtained no weU-deflned fossils from 
either the Santa F6 or Arkansas marls; yet bones of some large ani- 
mal, probably mastodon or elephant, have been found in them. I have 
no doubt that more careful explorations will show that a fauna and 
flora of greater or lees extent will characterize, all these groups. 

Along the Union Pacific railroad we find in the Laramie Plains a most 
extensive exhibition of the great lignite group. The first coal beds of 
great economical value occur near Carbon and at Separation. From 
Creston to Bitter Creek there are a series of purely fresh- water ..Beds, 
with some beds of impure lignite, with vast quantities of fossils be- 
longing to the genera Unio, Melania, Vt-oipara, Helix, &c. This group I 
regard as middle tertiary, and the strata are very nearly horizontal. I 
have regarded tJiese beds as separated from the lower tertiary or true 
lignite group, and have designated them by the name of the Wasliakee 
group. A little east of Eock Spring station a new group commences, 
composed of liinly laminated chalky shales, which I have caUed the 
Green Eiver shales, because they are best displayed along Green Rivei'. 
They are evidently of purely fresh-water origin, and of middle tertiary 
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age. The layers ai'e nearly horizontal, and, as sliown in the valley of 
Green River, present a peculiarly banded appearance. When carefully 
studied these shales will form one of the most intei-esting groups in the 
.West. The flora is already veiy extensive, and the fauna consists of 
Melamias, Gorbulas, and vast qnanties of fresh-water ilshes, preserved in 
much the same way as those in the Solenhofen slates of Germany. 
There are also numerous insects and other small undetermined fossils 
in the asphaltic slates. One of the marked features of this group is 
the great amount of combustible or petroleum shales, some portions of 
■which bum with great readiness, and have been used for fuel in stoves. 

The next group commences not far west of Bryan, and is doubtless a 
prolongation upward of the Green Eiver shales, and may be regarded 
as of upper tertiary age. 

The sediments are composed of more or less fine sands and sandstones, 
mostly indurated, sometimes forming compact beds, but usually weath- 
ering into those cEistellated and dome-like forms which have given such 
celebrity to the " Bad Lauds" of White Eiver. Church Buttes, near 
Port Bridgcr, is an example of this group, and shows the style of 
weathering to which I retfer, I have called this series of beds the 
Bridgcr group, from the fact that it is best developed in this region. It 
has already yielded remarkably fine species of Unio, Melania, Planorbis, 
Vivipara, Helix-, &c., with a great variety of turtles and mammalian re- 
mains. There are indications that when this group is thoroughly ex- 
plored it will prove to be second only to the " Bad Lands " of Dakota in 
the richness and extent of the vertebrate remains. 

Immediately west of Fort Bridger commences one of the most re- 
markable and extensive groups of tertiary beds seen in the West. They 
are wonderfully variegated, some shade of red xiredominating. This 
group, to which I have given the name of Wasatch group, is composed 
of variegated sands and clays. Very Uttle calcareous matter is found 
in these beds. 

In Echo and Weber Canons are wonderful displays of conglomerates, 
fifteen hundred to two thousand feet in thickness. Although this group 
■ occupies a vast area, and attains a thickness of three to five thousand 
feet, yet I have never known any remains of auimals to bo found in it. 
I regard it, however, as of middle tertiary age. 

After passing Eoek Springs station, Union Pacific raiboad, the next 
exposures of coal are at Bear Eiver City, and at Evauston, and also at 
Coalville, near the entrance of Echo Creek into Weber Eiver. The coal 
beds at Evauston are the finest known In the West, and reach a thick- 
ness of twenty-six feet at one locality. These coal beds seem to be sep- 
arated li-om those at Separation and Carbon, and to present some feat- 
ures different &om those in any other portion of the West. I am in 
doubt as to their precise position, but I am inclined to regard them as 
of lower tertiary age, possibly on a parallel with the oldest beds of the 
great lignit* group in other localities. On Bear Eiver we find several 
species of Ostrea, both above and below the coal, and in a cut just west 
of Be^r Eiver City is found the greatest profusion of molluscous life 
that I hjive ever seen in any of the tertiary beds of the West. There 
seems here to be a mingliug of fresh and brackish water fossils. At 
Evanston, impressions of deciduous leaves are abundant in beds above 
the coal. So portion of the fauua seems to be identical with anything 
found iu other places. The flora seems also to be distinct, although 
some of the forms may be identical with species elsewhere. I have 
named the group of co^ strata which is exposed from beneath themid- 
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die tertiary beds by iTpheaval at Beat Eiver City, Evaneton, and Coal- 
ville, the Bear Eiver group. 

la the valley of Weber Eiver, from Morgan City to Devil's Gate, 
there is a thlcltness of one thousand to twelve hundred feet of sands,- 
sandijtones, and marls, of a light color for the most part, which I regard 
as of upper tertiary age. These newer beds must have not only occn- 
pied this expansion of the Weber Valley, but also all of Salt Lake Val- 
ley, for remnants of it are seen all along tlie margins of the mountains 
inclosing Salt Lake Valley, I have obtained one species of helix near 
Salt Lake City from this group, which very much resembles a species 
obtained from the Wind Eiver deposits, near the source of Wind Eiver. 
I found this series of beds so widely extended and so largely developed 
in Weber Valley and Salt Lake Valley, that I regard it as worthy of a 
distinct name, and in consequence have called it the Salt Lake group. 

Some years ago, in a paper published in the proceedings of the Acad- 
emy of Natural Sciences, at Philadelphia, Mr. Meek and the writer pro- 
posed names for certain groups of tertiary strata, which might be added 
to the list already given : 

First. The Fort Union or great lignite group, which occupies the whole 
country around Port Union near the_ mouth of the Yellowstone, extend- 
ing nortb into the British possessions to unknown distances, also south- 
ward on the Missouri Eiver to Port Clark. It also extends along the 
ea-stem flanks of the mountains, probably to Denver, Colorado, and 

Second. The Wind Eiver deposits are limited, so far as we now know, 
to the Wind Eiver Valley. The sediments are composed of indurated 
sands and clays, with a few layers of sandstones and some calcareous 
concretions ; and the prevailing color is very light gray, sometimes 
brown with reddish bands. The fossils thus far found are fragments of 
Trionyx, Testudo, Selix, Ywipara, petrified wood, &c., doubtless of middle 
tertiary age. 

Third. The White Eiver group, best shown on White Eiver, Dakota, 
but covering a very extended area — at least one hundred and fifty 
thousand square miles. The sediments are composed of white and light 
drab indurated sands, clays, and marls, with some beds of sandstones 
and limestones ; is purely fresh water, and remarkable aa one of the 
most wonderful deposits of extinct mammalia on the globe — middle 
tertiary. 

Fourth. The Loup Eiver beds, which certamly form a most sin- 
gular and remarkable group. They are composed for the most part of 
fine, loose gray or brown sands, with some layers of limestone contain- 
ing a distinct and most remarkable fauna, composed of wolves, foxes, 
tigers, hyenas, camels, horses, mastodons, elephants, &ic There are also 
numerous fresh- water and land shells, perhaps of recent species, upper ter- 
tiary. To these groups might be added the Judith Eiver beds, a small basin 
on the Missouri Eiver, near the foot of the mountains, about fifteen to 
twenty miles in width and forty miles in length. This group is probably 
of lower tertiary age, but I think it was always separated from the great 
lignite group. In my final report I hope to be able to illustrate each one 
of these groups by the organic remains peculiar to it, and, if possible, 
show the relations of each one to the other and to all. Further explo- 
rations of the Territories will reveal many more of these lake basins, for 
I am now convinced that all over the great area west of the Mississippi 
to the Pacific coast the evidence of the existence of these lakes will be 
more or less clear. 
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DEPOSITS OF COAI, AND IRON ORE. 

One of the most important proUems to be solved in the West m the 
Titilization of the vast quantities of iron ore which are scattered all over 
the country in a multiplicity of forms. The brown iron ores accompany 
the coal beds everywhere, and some good deposits are found in the cre- 
taceous formations. At the source of the Chugwater are immense de- 
posits of magnetic iron ore in the metamorphic rocks, which are prob- 
ably of Laureutian age, while at Bawlings's Springs are most valuable 
beds of the red oxide of iron, in rocks which I suppose to be of triassic 
age. The latter are evidently local, but the amount of iron ore is con- 
siderable. 

The following extract is taken from the excellent report of Dr. John 
L. Leconte to the Pacific Bailroad Company : 

"Deposits of iron ore fit for working are found in the sandstones of 
the Vermejo, as described on page 24of the first part of the report. Veins 
of specular, titaniferous, and magnetic ore, occur in the metamorphic 
TOiiks of the mountains; those near Vegas are mentioned on page 29. 
Large quantities of magnetic iron are found near the Ortiz mine, and 
beds of an argillaceous variety occur near the anthracite of the Placer 
Moimtain.as mentioned on page 39. 

"Shonla the coal be capable of use for smelting iron, the localities of 
the latter wUl be found ample for all possible demands. 

"I have received from Messrs. Williams and Moss tte following results 
of the examination of some iron ores collected on the joxirney: 

1. Magnetic iron ore, Las Vegas, metallic iron 20.43 per cent. 

2. Magnetic iron ore, Placer Mountain, metallic iron. . 65,27 per cent. 

3. Carboniferons iron ore, Vermejo Canon 21.91 per cent. 

4. Carbonate of iron, near anthracite of Placer Mountaia 36.49 percent. 
I take the liberty of introducing in this connection the following 

extracts from an article written by me and published in Silliman's Jour- 
nal, March, 1868. This paper has been very extensively copied, and 
even now 1 find it nece-ssary to make but few changes: 

Mines have Ijeen oppned oa Coal Creek, three miles south of Marshall's raiuea, but 
they have been abandoned for the present. Another has been opened about twenty- 
miles south of Clieyenne City, on Pole Creek, The drift beRan with an ontcroppiug of 
about four feet eight inches iu thickness, inclination twelve degrees east. The lignite 
OTows better iu quality as it ia wrought further into the eartli, and the bod, by following 
the dip two hundred feet, is found to be five feet four inches thick, and the lignite is 
sold readily at Clieyenne City for twenty-flve dollars per ton. The beds are so cowooaled 
by a superficial drift deposit, that it is difficult to obtain a clearly connected seotion of 
the rooks. A section across the inclined edges of the beds eastward from the mountains 
is as follows : 

7. Drab clay passing up into areno-calearoous grits composed of an aggregation of 
oyster diellB, Ostrea i&trigoaaliB. 

6. Lignite— 5 to ti feet. 

5. Drab clay — i to 6 fe«t. 

4. Reddish, rusty sandstone in tliin laminie — 20 feet, 

3, Drab arenaceous clay, iudurated — 35 feet. 

, 2. Massive sandstone— 5jO feet. 

1. No. 5 cretaceous, apparently passing up into a yellowisli sandstone. 

The summit of the lulls near this bed of lignite is covered with loose oyster shells, 
and there must have been a thickness of four feet or more, almost entirely composed of 
tliem. The species seems to he identical with the one found in a similar geological 
position in the lower lignite feeds of the Upper Missouri near Fort Clark, aud at the 
mouth of the Judith Eiver, and doubtless was an inhabitant of the brackish waters 
which must have existed about the dawn of the tortiaiy period in the West. No other 
shells were tbund in connection with these in Colorado, but on the Upper Missouri 
well-known fcesh-water types exist in close proximityj showing that if it proves any- 
thing, it rather affirms the eocene age of tlieee lower lignite beds. These lignite beds 
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are exposed in many looalitiea all along tlio eaiStom base of the mountains, and from 
the beat informatioii I can aecnre, I liave estimated the area occupied by them north of 
the Arkansas River at five thousand square miles. According to the explorations of Dr. 
John L. LeCoute during the past season, which are of great interest, these same lignite 
formationa extend fiu- souttward into New Mexico on both sides of the Eoeky Mountains. 
Specimens of lignite brought from tlie Baton Mountains by Dr. LeConte, resemble vory 
closely in appearance and color the anthraoitoa of Peunaylvanift. It is probable that no 
true coal will ever bo found west of longitude ninety-six degreCH, and it becomes there- 
fore a moat important [[uestion to ascertain the real value of these vast deposits of lig- 
nite for fuel and other economical purposes. Call these lignites be employed fm- gen- 
erating steam and smelting ores! In regard to the lignites in the Laa'amie Plaiaa, I 
haveasyet seen no analysts, but speeimena ate now in the hands of Dr. Torrey, of Now 
York, for that purpose; siieeimens from Marsball'a mine on South Bonlder Ci-eek were 
aubmitted to Dr. Torrey by the Union Pacific Eailroad Companyfor examination, with 
the foUowing result : 

Water in a state of combination, or its elements 19.00 

Volatile matter expelled at a.red heat, forming inflammable gases and vapors.. Sil.OO 

Fixed carbon ^n' IS 

Ash of a reddiab color, sometimes gray 2.80 

100. 00 

A specimen firom Coal Creek, three miles soutli, yielded similar resnlta : 

Water in a state of combination, or probably its elements, asiu dry wood 20.00 

Volatile matter expelled at a red heat in the form of inflammable gases and 

vapors H'«n 

Fixed carbon - - jo. 70 

Ash, fionsistingcliiclly of oxide ofirou, alumina, and a little silica 2.00 

100. 00 

The percentage of carbon is shown to be in one ease 59.20, and in tlie other 58.70, 
which snows at a glance the superiority of the western lignites over those found in any 
other portion of the world. Anthracite is regarded na so much superior as a fuel, on 
account of the large per cent, of oarbon, and also the small amount of hydrogen and 

oxygen. ■The bituminous coals C"'^"'" ' '"'■™> -noTvon+ni™ af hvi\ri>!ri--n nml n-^virpn. 

but not enough — '■ '' ""'" *" " 

ifio power of lij; 
from the fiict t 
water into steam. 

The day of my visit to the Marshall coal mines, on South Boulder Creek, seventy- 
three tons of lignite were taken out and sold at the rate of four dollars a ton at the 
mine, and from twelve to sixteen dollars at Denver. This lignite is somewhat brittle, 
hut has nearly the hardness of ordinary antliracite, which it very much resembles at a 
distance. 

In some portions there is a considerable quantity of resin. I spent two evenings at 
Mr. Marshall's house, burning this fuel in a lumaco, and it seemed to me that it would 
prove to be superior to ordinaiy western bituminous coals, and rank next to anthracite 
for domestic purposes. Being non-bituminous, it will require a draught to bum well. 
It is as neat as autlu'acite, leaving no stain on the fingers. It produces no offensive gas 
or odor, and is thus superior in a sanitary point of view, and when brought into gen- 
eral use, it will be a great favorite for culinary purposes. It contains no destructive 
elements, leaves reryTittle ash, no clinkers, and produces no more erosive efiects on 
stoves, grates, or steam boilers, than dry wood. If exposed in the open adr it is a^t 
to crumble, but if protected it receives no special injnry. Dr. Torrey thinks there is 
no reason why it should uot bo eminently usrful ftir generating steam and for smelting 

Throughout the intercalated beds of clay at Boulder Ci-eek and vicinity are found 
masses of a kind of concretionary iron ore, varying in size &Dm one ounce to several 
tons in weight. This iron ore is probably a limonite commonly known under tht name 
of brown hematite or brown iron ore. It may perhaps bo found ill the state of carbonate 
of iron when sought for, beyond the reach of the atmosphere. These nodules or concre- 
tionary masses, when broken, show regular concentric rings varying in color &om yel- 
low to brown, looking sometimes like rusty yellow agates. It is said to yield seventy 
per cent, of metallio iron. The first smelting furnace ever erected in Colorado was 
established here by Mr. Marshall, and he informed me that Jbr the production of one ton 
of pig iron, three tons of the ore, two hundred pounds of limestone, and one hundred 
and thirty to one hundred and fifty bushels of charcoal are required. Over five hundred 
tons of this ore have been taken from this locality, Mid the area over which it seems to 
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ftbonndcaunot be less than fifty sqnare miles. Indieationeof large deposits of iron oro 
Lave been found in many other localities along the line of the Paoiftc railroads, and if 
the mineral fuel -whicli is found here in sucli great abundance can be made usefn! for 
smelting pnrpoBca, these lignite and iron ore bods will esert the aame kind of influence 
over the progress of the great Weat that Pennsylvania exerts over all the contiguous 
States. When we reflect that we have fi^>m ten thousand to twenty thonaand square 
miles of minora! inel in the center of a region where for a rodius of blk hundretl to one 
thousand miles in every dh^ection there is little or no fuel either on or beneath the sur- 
iiice, the futnre value of these deposits cannot be overestimated. 

The geological age of these western lignite deposits is undoubtedly tertiary. Those 
on the Upper Missonri have been shown to be of that age both from vegetable and 
Bnimal remains, and in the Laramie Plains I collected two spedes of plants, a Popid«a 
and a Flantanua, speclflcaJQy identical with those found on the Upper Missouri. The 
simple fact that cretaceous formations Nos. 1, 2, 3, 4, and 5, are wellahown all along the 
foot of the mountauiB, and that No. 5 presents its tisnal lithological character wiwi its 

Seculiar fosBils, within fifteen milce of Marshall's mines, a^ that at the mine, 2, 3, and 
are seen inclining at nearly the same angle and holding a lower position tlian the 
lignite beds, is suffloient evidence that the strata inclosing the lignite beds are newer 
than cretaceous. A few obscnre dicotyledonous leaves were found, which belong rafjicr 
to tertiary forms than cretaceous. 

The connection of the lignite deposits on the Uppej: Missouri has been traced uniu- 
torrnptedly to the North Platte, about eighty miJes above Fort Laramie. 

They then pass beneath the White Eiver tertiary beds, but reappear again about 
twenty miles south of Pole Creek, and continue far southward into New Mexico. 
, Near Eed Buttes, on the North Platte, it seems also probable ■Qtat thesamo basin contimuea 
northward along the slope of the Eocky Mountams nearly or quite to the Arctic Sea. 
Whether or not there are any indications of this formation over the eastern range ui 
the British possessions, I have no means of ascertaining, but IJie Wind River chain, 
which forms the main divide of the Rocky Mountain Range, exhibits a great IJiicknesa 
of the lignite tertiaiy beds on both easta.'n and western slopes, showing conclusively 
by the iriicture and inclination of the strata, that prior to the elevation of this range, 
they extended uninterruptedly iu a horizontal position across the area now occnpS^d 
by the Wind Kiver chain. Passing the first range of mountains in the Laramie Plains, 
we find that the Big Laramie Elver cats through cretaceous beds, Nos. 2 and 3, con- 
tinuing our course westward to Little Laramie, a branch of the Big Laramie, and No. 
3 becomes fifty to one hundred and fifty feet in thickness filled witli fossils, Ostrea oon- 
gesta, and a species of Jnoccramio. At Eoek Creek, about forty miles west of Big Lai-- 
amie River, the lignite beds overlap the cretaceous, liut in such a way as to show that 
the more inclined portions have been swept away by erosion, and that the red beds and 
carboniferous limestones once existed without break and in a horizontal position across 
the Laramie Range prior to its elevation. 

I cannot disonss this matter in detail in this article, but the evidence is clear to me 
now, that all the lignite tertiary beds of the West are but fragments of one great basin, 
interrupted here and there by the upheaval of mountain chains or concealed by the 
deposition of nowor formations. 

When I wrote the article on the lignites of the West, all my own inves- 
tigationa pointed strongly to the conclnsion that no coal beds of any 
great valne, in an economical point of view, wonld ever he found in the 
West in formations older than the tertiary. When my large collections 
of vegetahle and animal remains from the coal beds in Wyoming, Colo- 
rado, and New Mexico, now deposited in the Smithsonian Institution, are 
carefally studied, I can speak with more confidence on that pomt,. i can 
say just here that I have as yet seen no reason to change that opinion 
so far as my own observations are concerned. 

In the spring of 1S68, Professor Lesquei-eux, who is so justly celebrated 
for his skill in the study of fossil plants, sent me the following valuable 
notes as the result of a preliminary examination of some leaf impressions 
from the coal deposits in various parts of the West. His conclusions 
seem to confirm my opinions that all these coal formations are of tertiary 



1. Populus aUennata, Al. Braun. The identity of these leaves with the European spe- 
cies is undoubted. 

3, Populus lasvigata, sp. nov., related to P. halsamoides, Gopp., a species which, like 
the former, is abandant in the miooeno of Europe. 



(b, Google 



QQ SURVEY OF COLOEADO AND KEW MEXICO. 

3. Populus mhroUinda, sp. nov. Type of neuration of P. mdanaria, Heer, and form of 
leaves of P. mutMlia, Heer, both species also common in tlio mlocene of Europe. 

4. Qiiercua acrodon. ap. nov., a fine oval leaf reBembling a chestnnt lea^ related to 
Quavm priiKidea, Wilc^ of our time. 

5. QiiercuB haydeni, ap. nov,, lyrate leaf witli lol>e8 strongly dentate, -witliout near 
relation to any species either of the tertiary or of our time. 

e, Platams, aoeroidee, Gopp., one of the most common species of the miocene of Europe. 
It ij closely related to, if not identical with, P. occideiiSalU, X,, of onr time. 

MARSHALL'S MESB (NEAR DENVER.) 

1. Querats ehlorophylla. TTng. Three speoimena of this species have been flf;u!-ed and 
described in my paper, "On species of fossil plants from the teitiary of Mississippi," 
(Trans. Phil. Soc., vol. 13, jpL xvii, figs. 5, (i, 7.) It is still uncertain if these leaves rep- 
resent a querem, but all belong to the species described and fifjnred by Heer under this 
name, and common in the whole thickness of the European miooene. 

3. Qtiereus lyelli, Heer, also figured in tlie above paper, pi. xvii, figs. 1, 2, 3. Though 
the specimen is somewhat obscure, the essential characters which distin^ish the speciwi 
are well discernible. It is abundant in the Bovey Tracy lignite formations of England, 
lower miocene. 

3, dnammnumaffine, B-p.uoT. This species is also found at Raton Pass. Theleaffrom 
Eaton Pass is smaller and might belong to a different sjiecies, but escept the size J do not 
find groiuMl for separation ; very near C. raissi3»ipj)i£nsis, Lesq., and euso closely related 
to C.liachi, Heer, of tie lower miocene of Europe. 

4, Coraas iiumapUtus, ep. nov. A part of a leaf apparently round at the top, general 
outline uncertain. It is flgnred merely for ftituro reference. By its peculiar nervation 
this leaf appears in close relation to, if not identical with, Cornus rhamnifolim, Web. 
Prel^ common in the lower miooene of Europe. 

6. There are in the Marshall's shales a few fragments of maple leaves (,acer) specifi- 
cally nndeterminable, and also one winged seed of this genus. This seed has a narrow 
strai^t wing like that of Acer iriUii/atum, Heer, bnt wiffi smaller nutlet. 

6. Jtliamnm mlieifoUa, sp. nov., in soft sandstone : related to R margiualus, Lesq., and 
and also to B. carolinianus, Walt., now living and abundant in southern swamps. 

7. Jiislana rugosm, sp. nov., very nearly related to J. acuminata, Al. Braun, a species 
extensively distributed in the European miooene. 

8. Echitoniiim nophiai, Web. The leaf has no visible nervation, but it is exactly like 
both the forms represented from Enropeau specimens. It is found In the whole miooene 
of Europe, especially in the lower stage. 

9. Fhyuaea sukaliM, sp. nov. The boi-ders of the leaf are destroyed, bnt the nervation 
is qnite peculiar. It is referable either to a Eftodora like E. eanademia of onr time, or 
represents merely the lower part of the winged petiole of the fruit of a linden, (lilia.) 

10. £«i70(fiHiB compactam, sp. nov. Though many species of lygodinms are described 
from the tertiary of Europe, none are related to ours. One lobe of a leaf only is presented, 
and the general outline of the leaf is therefore unknown, bnt the nervation, which is 
very close and more like that of a Seari^teris, is of a peculiar character. 



1. Magnolia imuirwnna, sp. nov. Not possible to indicate the general form of the leaf 
of which a part onl^ is presented. Its thin a»d sharp secondary nerves distinguish it 
from any other fossil species. 

2. Lathram argaia, sp. nov. May be a PecopteHa. Ko relation observed of any known 
species to this one. 

RATON PASS. SPECIMENS COIXECTBD BY Tilt, UICONTE. 

1. Berclieaiia varr^olia, sp. nor. Eelated to B. WMliiwraris of the Eui'opean miocene, 
hut still more like our Berchemia voliibilia which fills the sonthem swamps. The basilar 
part of the leaf is not seen and therefore a satisfactory determination is not possible. 

2. .dftictifeB diiWiM, sp. nov. . „, , , - 
Most of the specimens from Raton Pass have some remains of leaves or branches of a 

coniferous speciee which can be referred, perhaps, as well to the genus Arattcaria as to 
Sequoia or Abie). As the leaves on the branchlets appear evidently placed aaxrand the 
sterna and not on both sides of it, and as the scars left on the bark are of the same form 
as those of an Abies, I place these remains in this genus tUl they may be studied on bet- 
ter specimens, The leaves are pointed as in Taxitea dnUv$, Gi>pp., fiT>m the tei-tiary of 
Europe ; except this, these remains have no analogy with any other, publislicd or figured. 

3. Schitoitiam sophite, Web. A small fragment exactly like those of Marshall s coal 
bed and a specimen of Oi«m«momum affine, already mentioned, from the Marshall's shales. 



(by Google 



SURVEY OF COLOJIADO AND NEW MEXICO. 97 

UPPER END Of PUHGATOHy CASON, DR. LECONTB. 

1. EJMmnns dbovatns, ep. nov. All tlie Bpecimens are from the same place, and all con- 
tain fragments of tho Hame species, and none of any other. This species is peculiar by 
the form of tho leaves; it has the chotactet of a Jthammia hut the secondary nerves are 
closer and more numerous than in any other species of the geunsj even more so than in 
a Berchemia. I do not know of any fossil plant comparable to this. 

From this short report on. your fossO plants examined tOl now, it is easy to draw 
some general conclusfoQS. 

From Rook Creek we have only six species. Two are identical with species irom the 
miocene of Europe, and one of them, Flatamia aeeroideSfAs not distinguishable &om onr 
P. oati^etitalU. Two oUier species are closely allied to European terQary spedes. And 
" " ■ ■' is an American type related to Quei-eua prinoides, still in onr flora, 



the other a peculiar and lost type. The apx>carance of this flomla is quite modem. 
TliiB may he Uie result of geograpliioal circumstances. Poplars and huttonwoods Uvo 
together in the bottoms of rivers, and therefore I may mistaJte in believing this Eock 



C^reek formation more recent than that of Marshall's. In any case it is certainly tertiary 
and has no plants of an older formation. 

In Marshall's (coal beds) we find only ten species of fossil plante, two Quemaa and one 
EcUUmium apparently identical with miocene species of Europe, one Bftomnos, closely 
related f*i a living species of ours, and at the same time to a fossil species of the hgnite m 
Mississippi, one Coriuu, one Jitgltsas, and one CJniiatnontiEin, nil related to miocene species, 
and the last one also closely allied to a species of the Mississippi tertiary; undetermin- 
able leaves of maple, seeds of the same genuH, a L^godium and an nndeterminablo Fhyl- 
. Utes complete the list. These plants have, therefore, all of them, tho character of ter- 
tiary plants. The general aspect of the Marshall coal flora is that of the Mississippi 
lignite, which I consider as either lowest miocene or eocene. In this I am much pleased 
to find my views so well ajrteeing with yours. 

The materials obtained from the strata of Golden City, Eaton Pass, and Purgatory 
CaSon, are too soanl^ to permit considerations in regard to the geological positions of the 
strata which have ftimisaed them. No AUe3 has yet boon described ttom tertiary strata, 
but with these broken remains of a oonifer of uncertain genus, the shale of Raton Pass 
has a Beri^mxia, which is a tertiary plant, and a leaf ot EcMlonium, and one of Cinna- 
momum identical with specimens found at Marshall's. 

In conclusion, I beg leave to say, that ■wliile I have the most profound 
respect for the labors of my fellow geologists in the same field, I differ 
with them somewhat, simply because the evidence, to my mind, points in 
a different direction. In various portions of the Laramie Plains, Col- 
orado, Eaton Hills, &c., I have observed between the well-defined cre- 
taceous and tertiary beds a group of strata composed of thin layers of 
clay, with yellow and gray sands and sandstones, which I have called 
transition or beds of passage. If in these beds I were to find some purely 
marine remains, even inoceramus or baculites, I should then call them 
transition beds, in accordance with the evidence of the continuous un- 
iutfortapted growth of the continent from the cretaceous through the 
tertiary period. There is no proof, so far as I have observed, in all the 
western country of true non-conformity between the cretaceous and lower 
tertiary beds, and no evidence of any change in sediments or any catas- 
trophe sufficient to account for the sudden and apparently complete de- 
stniction of organic life at the close of the cretaceous period. In all 
my examinations of the coal formations over so vast an area, Ihavo never 
yet seen a trace of a cretaceous fossil in any strata above the coal. One^ 
of the most important practical questions for solution in the west is, 
whether these coals can be rendered useful for smelting ores. To aid in 
the solution of this question, I have appended the following analyses of 
the coals from various portions of the West. 

Mr. J. P. Carson, my assistant on the United States geological sur- 
vey, 1868, made the following analysis of a fair specimen of the coal 
from the Carbon mines, Northern Pacific raihx)ad. 

Moisture at 100° F 11.60 

Volatile combustible matter 27.68 

Mxed carbon 51.67 

7 GS 



.d by Google 



'98 SURVEY OF COLORADO AND NEW MEXICO. 

Asli 6.17 

Sulphur ^-^^ 

Color of ash, light gray. Specific gravity, 1.37. Weight por cubic 
yard, 2,212 pounds. 

My assistant, Persifor Frazer, jr., in the United States geological sur- 
■vey of Colorado and Few Mexico during the past season, has made the 
following analyses qf coals along the line of the Union Pacific railroad. 
They were made with great care and I have the most perfect confidence 
in their accuracy : 

Coal from mine at Point of Kocks : 

Carton 64.70 

Ash 4.^0 

Sniphar..'. ^.i^ 

Water and volatile subBtances rfo. 4a 

Total 100-00 

Coal from Hock Creek : 

Cartion - fil-34 

Sulphur ?-00 

Ash „1?0 

Volatile substances and water '~LZI 

Total 100-00 

Coal froDi Black Buttea ; 

Carbon "-64 

Sulphur 2.00 

^g]j 2.50 

Volatile sulistanceB and water 23.86 

Total 100.00 



Coal from the Evanaton mine was tested for its cailMin alone and found to contain 
carbon, 73.16 per cent. All these coals resemble in their physical properties those 
met with along the route of the Colorado and Hew Mexico survey. 

I take the liberty of quoting in this connection the following analyses 
of coals from the admirable report* of my friend Doctor J. H. LeConte. 
I found this report, as well as that of Doctor Newberry, of great service 
to me in my explorations during the past season : 



Locality. 
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•Notes on tlie Geology of tho Burvsy for the estensioJl of the Union PflCifio Eailway, CMtem diviaioi 
from the Snioky EiU Kvec, Kauaaa, M ths Kio Gnmae, by John L. LeConte, page SS. 
fThe analysoa of the Maialiall eool wid that of Coal Creek ware made by Doctor Torrey, and m 
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The ash is neglected in the foreign analyses, but is stated to average ftom 5 to 10 
per cent. Wien first mined, the German brown coals contain frequently nearly 50 
X>er cent, of hygroscopic water, which by dryiiig is reduced to 20 or 25 per cent. 

The alisolute hoat effects of the German coals are given aa follows ; 
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The data obtained by Professor Bi-ush by the reduction of OJdde of lead, when 
placed in a decimal form, pure carbon being unity, are ; 

Vermejo Gallon = . --= .67 

Placer antliracite — ....,...- .^1 

■ Denver, (Mm^ph/s) = ■ = "0 

The following are analyses of water from springs, &e., liy Mr. P. Frazer, 
chemist and mineralogist to the United States geological survey of 
Colorado and Kew Mexico: 

While in Eawling'a Springs I was employed hj the Union Pacific Railroad Compaaiy 
to examine the waters from various sprmga, which inoiusted the boilers of locomotives 
and etationary engines of the compauy, as well as of coals from the principal coal-beds 
en the line of the road. The result of these anaJyses I append ! 

Scahfrom, the loUer ef an engine In tfte mtuMne »hiyp at Eimlmg'» Springs.— This scale was 
of a dark color due to impurities in suspension in the water. It consisted of tho 
chlorides of potaasinm and sodinm, the snlpbatea of lime and mamesia and the silicate 
of alumina. The major part of the soluble matter was composed of salt and gypsnm. 
Some water from a salt pond in the Black HiUs, some distance from Sherman, was 
analyzed and found to contain chloride of sodium, chloride of potassium, the carbon- 
ate of soda, and some alumina. . 

Boiler ecale from loeomotive running iekeeeii BawUng'i Sprrnge and Brym.—Tbia soale was 
of a gray color, but proved to bo of the same chemical constitution as that previously 
given, VIZ, chlorides of potassium and sodium, sulphates of lime aad magnesia, and toe 
silicate of alumina. 
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MINES AND MINEEAI8 OF OOLOKADO. 



Dehver, Colorado, October 15, 1869, 
SiE : I have the honor to report that the examination of the minerals, 
and the means employed to utilize them, in the Territories of Colo- 
rado and New Mexico, which you directed me to make, has been con- 
ducted as well as the very limited time at my disposal would permit, and 
a preliminary report of the results is herewith respectfully submitted. 

In the letter accompanying the first report to the Secretary of the 
Treasury by the commissioner appointed to collect the same kind of in- 
formation from the country lying west of the Kocky Mountams, Mr. 
Browne urges that the sis mouths which were prior to the meetiug of 
Congress would not permit of imy but a most imperfect treatment of 
the subject, and limits himself to sketching an outline of the work to he 

The same is true in a much greater degree of the few weeks in which 
I was- obliged to gatlier the materials for thia report, especially as the 
greater portion of the time was spent on the march, remote from all 
points where statistics were accessible. 

Any report of the condition of mining affeirs m the Territories of 
Colorado and New Mexico, (each of which is larger than all the New 
England States put together,) and in particular of the former, which 
counts its discovered lodes, the varieties of its minerals, and its mimng 
enterprises, by thousands, and in which energetic capital and intelli- 
gence, "ever striving through darkness to the light," are working such 
mcessant changes, must represent things as a telescope represents the 
stars, not as they are or ever were, hut this as it was last week and that 
as it was last year. ^ , ^,, ^ 

In consideration of these difficulties, I venture to hope that yon may 
regard all shortcomings more leniently, and that the following, though 
far from complete, may not altogether tUil to answer the requirements 
of Congress. ^ , , ■ j 

In conclusion, I would call attention to the ^eat courtesy and kmd- 
ness I have experienced in the coiu-se of my investigations from the 
citizens of the two Territories generally, the owners and superintend- 
ents of the various mines and miUs, the possessors of cabinets of min- 
erals, &c, and the oflcets and their families stationed at Forts Umou 
and Garland, . . ,.^ j, ., 

Especially do I thank Mr. J. Alden Smith, the mining editor ot the 
Central City Kegister ; Mr. D. J. Ball, of Empire City; Colonel An; 
derson, of the Eeal Dolores ; and Mr. Cheever, of the Brown Mining 
Company in Georgetown, for the assistance, in a professional way, which 
they have rendered me ; nor can I forget the kmdness of Mr. Marshall, 
of Black Hawk, and Mr. Schultz, of Central City. 

"Where it was not possible for me personally to inspect the mines of 
which I have spoken, I have in every case snited that the informa- 
tion is given on the authority of others. 
I remain, sir, with great respect, 

PEKSIFOR PEAZEB, Js.., 

Minmg EngvMer. 

-Pr. F. V. HAYDEN, Vnited States Qeologiat. 



(by Google 



104 SURVliY OF COLORADO AND NEW MEXICO. 

A natural division of the subject about ■wbieli information has been 
sought would seem to be ; I, the minerals, and II, the mines of Colorado 
and New Mexico; and these again into 1. 1, the minerals of commercial 
value, and 1. 2, those of no commercial value, but more or less character- 
istic of the rocks or formations in which they occur. 

The mining portion of this report would have been better divided into 
II. 1, gulch or placer mining, and II. 2, lode or legitimate mining, whUe 
under the latter head the subject would naturally divide itself into a, the 
methods in use for getting out the ore and taking care of the mines) b, 
the dressing of the ores by mechanical processes ; and c, the chemical 
treatment of the ores,'their reduction and preparation for the market, or 
shipment out of the Territory. This would be a natural division of the 
subject, but the time,_ and, consequently, the opportunities of observation 
have been so insufficient for the above thorough treatment of the subject 
that I have deemed it better to forward to you, as my part of the pre- 
liminary report, only the notes 1 have made in the field, with a few 
observations on various points connected with the subject. 

In a belt, of which it would be difficult to define the limits, but which 
may be generally stated as lying east and west of the great continental 
divide as far as the gneiss or granite extends, and reaching north and 
south as far as investigation has made the Eocky Mountain chain known 
to usj lie the ores of the precious, and some of the baser, metals. Of the 
distnbntion of this great mineral wealth throughout the hundreds of 
leagues of this belt very little is known, the small area which has become 
the prize of the gold-seeker fumisliing wholly Insufficient data upon 
which to base general conclusions. 

To begin with, the rock in which occur aU these lodes is that which 
carries the precious metals, with rare exceptions, the world over, and 
which is either a granite or a gneiss, or, as in the Central City district, 
such an inextricably confused mixture of both that it were impossible to 
call it either. This is the country rock. Whether from the great changes 
to which this rock has been exposed through countless ages, or whether 
from other causes, it shows itiSelf in most various forms at different 
places, and passes by imperceptible phases through gneiss, granite, sye- 
nUe, and porphyry. This porphyry is perhaps more frequently observed 
in the neighborhood of veins. 

A fine illustration of the irregularity with which these rocks succeed 
each other is to be observed along the road from Mount Vernon through 
Idaho City to Georgetown. Along Clear Creek, from Fall Kiver to 
Georgetown, the inclination and direction of the rocks appear to be as 
variable as their straetural character, a general northwesterly dip being 
perhaps moat common, while red and gray, heavy-bedded, and thinly- 
laminated gneiss and red and gray granite succeed each other in utter 
coofttsion. Here and there a vein of quartz or quartz-porphyry or sye- 
nite (very frequently auriferous) is visible, forming a light-colored str^k 
usually down the sides of the opposite hills. This composite character 
of the country rock has been noticed, as 1 am informed, in most, if not 
all, of the mining districts, and on both sides of the Sierra Madre or main 
range. The gangue rock is most frequently quartz, which, of course, 
assumes very difibrent appearances at different places, both in texture 
and in color. In some cases the gangue rock is porphyry more or less 
weathered. (Brown Lode, West Argentine, et al.) 

The minerals of Colorado of commercial value which are most widely 
distributed are auriferous iron and copper pyrites, (malachite and the 
sulphates of iron and copper from their decomposition, though nowhere 
in large quantities, being spread over wide areas,) zincblende, argent- 
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iferous galena, brittle silver ore, fahlerz, specular iron, Iiematite and 
magnetic pyrites, cerussite and anglesite, native gold and silver, horn 
silver, embolite, (confined chiefly to the neighborhoods of Georgetown 
and Snake Eiver, 1 believe, as far as yet ascertained,) titanic iron ore, 
micaceous iron ore, spathic iron ore, Smithsonite, copper glance, coal 
and Albertine coal. These comprise the principal orea which I have 
obaervetl, but time and more thorough search will undoubtedly disclose 
to the mineralogist, if not to the metallurgist and miner, many as yet 
hidden treasures. 

Gilpin County and -the region about Empire are rated as gold fields, 
and the values of ores from these and some other districts are giveu iu 
ounces of gold per ton; whereas the adjacent country around George- 
town, abounding as it does in argentiferous galena and silver glance, 
{called simply " sulpburet,") has the number of ounces silver per ton as 
its standard. In some few veins, as the Whale Lode near Idaho City, 
the values of the gold and silver present in the ore are nearly equal. 

A more detailed specification of the ores follows : 

Iron pyrites, (FeSa.) — Almost universal in the mines. Occurs in 
cubes from the size of a pjii'shead to those of an inch on the sides. Also 
in pentagonal dodecahedra. 

Copper pyrites, (CujS+FeSj.) — Is only second to iron pyritesin the 
frequency of its occurrence.* 

Zincblende, (ZnS.) — Is also very common, especially in the Georgetown 
region. Fine specimens were obtained from the Baker Lode, West Ar- 
gentine and the Grifiith Lode, close by Georgetown. Also from Gilbert's 
{formerly Commonwealth JVIiuing Company) Lode, near Nevada City. 

Galena, (PbS.) — Usually argentiferous. In all the lodes in the vicin- 
ity of Georgetown. Contains from one hundred to six hundred ounces 
silver per ton.f 

Brittlesilver ore, (Stephanito SAgS+SbaSa.) — Occurs in the silver mines 
of Georgetown. (Terrible and Brown lodes.) 

Faklerz, [(4K9+4CujS) QSa.E=Fe, Cu, Zn and often some Ag and 
IIg=Q=Sb and As.] — Also in the region around Georgetown. The 
formulsB here given are from Naumann's Mineralogy. I am not aware 
that Hg has been discovered in this ore, but as it coincides in its phys- 
ical properties with the ordinary fahlerz, I append the above formula. 

Light ruhy silver, tProzisUte,) (SAgS.As^); I>ark ruhy silver, {Py- 
)-«r(jj/ri(e,) (SAgS.SbSs.) — Handsome specimens of these two ores were 
observed intermixed with the galena from the Brown Lode. Also from 
Snake Biver, 

&.lveF glance, (AgS.) — From the Georgetown neighborhood. Equator 
and Terrible lodes, A ton of g^ena, containing much of this ore, 
was recently sold by a gentleman of Central City to Professor Hill tor 
$1,900 cash, and the latter realized aproflt of $700 from it. 

*Botli iron andcopper pyrites of tliis region coatain gold in indefinitely fine paxtioles! 
The foi-mer ia, in fact, (Se gold ore. Wbere tltese mincrala have been exmiaed to tlio 
action of the weather, they havo heen docoioposed and the gold set free. The value of 
the gold in a ton vaiiea from nothing to five Imudred dollars, and even more. I have 
ohSCTi'od small octahedra of gold on the crystal faces of iron pyrites ftom the Pleasant 
View mine near Central City. 

fit is somewhatremarfenhlethat these veins of galena generally " pinch up " or grow 
Hmallei' .'w the depth inereaaeB. I take this genend statement from the best autholifj I 
conld obtain on ma auliject, A gentleman well acquainted with the Georgetowu ores 
informed me that all attempts hitherto to produce lead for the market liad failed irom 
deficiency in the snpply of galena. This atatement, whidi I give for what it is worth, 
appears all tlie more remarkable when one compares it with the experience of miners in 
Freiberg, Frzibram, and Clansthal. 
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Copper glance. (CajS.) — Bergen district, aeac Idalio City, Pleasant 
View, &c, 

Malachite, (CuCCO,;) Blue vitriol, (CaO.SOa+SHO:) Green, vitriol, 
(CaO.SOs+THO.)— Occur in various mines from the decomposition of 
the pyrites. 

I^morphite, (PbO.POs+PbCl.)— Associated with tlie galena of va- 
rions mines near the surface. 

teeular iron ore, {FeO.PejOj.) — Cache H, la Poudre, St. Vrain's, &c. 
d <md brown hematite, (FejOg and I'CiOs+HO.)— Of frequent occur- 
rence in the Ticiiiity of the coal. 

Coal — Beds of coal occur all along the flanks of the mountains, 
hut in the property of Mr. Marshall are perhaps the best exposures. 
Here are no less than nine outcrops. They make their appearance at 
various points aloug the range as far down as Santa F^, and ai'e of un- 
known extent. Albertine coal,or solidified petroleum, is stated by Prof. 
Denton to occur on White Biver, in the western part of the Territoi-y. 

Gold. — Occurs in the neighborhood of Central City, in the German 
lode, and many others. In the Placet diggings. Some beautiful crys- 
tals attached to cubes of iron pyrites in the ore from the Pleasant View 

Silver. — In many mines as wire or hair silver, Brown and United 
suites Coin lodes. 

Cenmite, (PbO. COi.)— Pleasant-View mine.— In snudl translucent 
crystals occurring in geodes. 

Anglesite, (PbO. SOj.) — Freedland lode, Trail Eun. 

Horn silver, (Ag CI.)— Georgetown, Snake River. 

Umbolite, (AgBr+AgOl.)— Peru district, Snake Edver. 

Titame iron ore, {X TinOi+y Fe^Os.)— Quartz Hill, and Enssel Gulch, 
near Central City. 

Micaceous iron ora, (FejOj.) — Elk Creek. In fine crystals like mica.. 

SpatMe iron ore, (FeO . CO2.) — Eureka and Griffith lodes, &c. 

Smithsonite, (ZnO . COi.) — Eunoing lode, Blackhawk, &c 

8alt, ^aCl.) — From Salt Springs in South Park, twenty miles south- 
east of Fairplay. Can produce forty thousand pounds per diem. 

By characteristic minerals, I mean to include all those that have no 
commercial value. They furnish proof, in most cases, of the presence 
of other minerals, of rocks or of formations. Of the characteristic 
minerals, among tne most common are — 

Sydrated oxide of iron, (brown ochre, yellow ochre, bog iron ore, &g.) — 
Occurs with the coal beds at South Boulder, Golden Ci^, &c., &c., and 
is frequently regarded as a surface indication of the presence of gold, 
silver and the precious ores generally. 

Qua/rts, (SiOsO— The most important of the characteristic minei-als. 
Very widdy diffused. Forms the gangue of nearly all the veius of the 
precious metals in Colorado. As gangue rock it crops out on the lull 
sides in white or colored streaks, usually intersectingtheplanesof strati- 
fication of the rocks. Uncrystallized, presenting sharp and jagged edges, 
and a broken conchoidal uneven fracture, sometimes weathered by the 
disintegration of the minerals it contained. Pebbles and partially 
rounded crystals of quartz are abundant in the prairies east of the 
Eocky Mountains, whence they have been carried down, and may be 
observedhundredsof miles east of the easternmost "hog-back." Indeed, 
the abundance of these small pebbles of quartz and of the red feldspar 
is very remarkable, occurring as they do in great quantities ou the 
summits of the little prairie hillocks at such an immense distance from 
their place of origin. 
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1. Smoky quartz and black quartz. — Elk Creek. 

2. Bock or Berg crystal. — ^Near " Dirtywoman's Kancli," and in geodes 
in various mines. 

3. Hose quartz. — Quarts Hill. , 

4. Agate, (moss agate, &c.) — Middle Park, Arkansas Eiver Park, &c. 
6. Amethyst. — ^Nevada City, Mill City, &c. 

6. Aventurine, — Elk Creek. 

7. Heliotrope, (bloodstone.) — ^Middle Park. 
9. Camelian. — Soutli Park and Middle Park. 

30. Chalcedony. — South Park, Trout Creek Pass, &c. 

11. Chryeoprase. — ^Middle Paik. 

12. Jasper. — South and Middle Parks. 

13. Onyx. — Middle Park, Grand Eivec, &c. 

14. Sardonyx. — Golden City, Mount Vernon. 

Hotnstonej flint, milk quartz, prase, catseye, firestone, and other 
different vaneties of silicic acid, are met with in the above localities, but 
have no especial interest. 

O^al, (hydrated silicic acid.) — Idaho City, Golden City, South Boul- 
der, &c. 

Feld^ar. — ^Very abundant in the mountains and as boulders and 
pebbleathroughouttheTerrit.ory. Associatedwithquartzin the granites, 
gneisses, and porphyries of the gold-bearing mountains. 

a. Orthodase (AljOa.SSiOg + KO.SiOs) is largely the predominant 
feldspar in the rocks of Colorado. 

a 1. Pegmatolite. — Mesh-red, orthoclastic, abundant as pebbles, scat- 
tered with quartz over the prairies for hundreds of miles. Forms red 
granites and gneisses with quartz and mica, and red syenites with horn- 
blende. Very common. 

a 2, Adularia. — Forms a white porphyry when associated with quartz 
in many places along Fall River, and in many veins. Not common. 

a 3. Sanidin. — Fine crystals of hopper-shaped sanidin from Quartz Hill. 

b. Plagioclastic feldspars. 

b 1. Albite, (AljOa . sSiOa + HaO . SiOa.)— Trout Creek Pass. 

b 2. Oligoclase. — Arkansas River Park, &e. 

b 3. Labrador, (AljOs . SiOa + Ca0.8i03.) — In thebasalts and diabases 
of the region about the Spanish Peaks, Trinidad, the upper part of San 
Luis Park, and the Piintia Pass. 

Somblende, (silicate of lime, magnesia, and suboxide of iron). — In the 
syenite in aud around Idalio. 

IHorite. — Near Empire City and elsewhere. 

Garnet. — South Park, twenty miles from Fairplay. Breckenridge. 

Miea, (KO . SiOj + Al^Os . SiOs + EO . SiOs.) 

1. Potash mica. — Light colored. Frequent in the gneisses of Gilpin 
and other counties. 

2. Magnesian mica. — ^Dark colored. Frequent in the gneisses of South 
Park, Trout Creek Pass, &c. 

Leudte, (AI2O3.. Si03 + KO. SiOj.) — In traehytic lava between the 
Cuchara and the Apishpa. 

Chlorite. — In diabase, near Trinidad. 

AmpMbole, (augite). — In basalts, near Trinidad, and diabase near 
Apishpa. 

Ilpidote, (CaO . SiOj -f [AUO3 + i'e^O^] SiOj.}— Trail Creek. 

Tourmaline. — Guy Hill. 

Cale spar, (CaO . C03,) — Very widely distributed. Idaho, &c., &e. 

Gypsum, (OaO . SO3 + HO.) — Interstrati&ed in the new red sandstone 
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or triasaic beds. South Park, &c. Also, accompaiiyiug the coal in thin 
scales. 

Anliydrite. — Elk Creek. 

Salt, (NaCI.)— rill solution In many springs. As deposit on rock« in 
their vicinity. 

Seavy spar, (BaO . SOj.) — As gangne rock in many mines. Baker 
loAe, &C. 

meteorie iron. — Found near Bear Cre«k. 

Beryl, (Ala03.2SiOa + GlaO, 28103.)— Bear Creek. 

Brudte, (MgO . HO,)— James Cre«k. 

Idocrase, [(CaO + MgO} SiOj]— Bear Creek. 

ILAPOKTE ON THE CACHE 1 LA POUDEE. 

The town lies on both banks of the above creek. The appearance of 
the country is that of a number of superposed layers or strata dipping, 
from the mountains, and presenting a steep and more or less rugged 
basset face toward them. The cailon along -which the river makes its way 
through these "hog-backs" intersects the latter nearly at right angles. 
We followed a ca£iou to the north of that of the river, and rode twelve 
miles to the extremity of the bluff on the left. The bluff to ihe right 
hand was broken, and exhibited a clearly defined stratifled side with 
red sandstone, limestone, and conglomerate succeeding each other in 
the order named. 

On taming the extremity of the bluff to the right we came upon a 
very weathered syenite region remarkable for the redness of its talus. 

The mineral vems whidi oui' guide brouglit us to see were all situated 
■within an area of a square mile or so, in these syenite hills. 

The first proved to be a dike or vein of syenite intersecting an older 
rock of the same, which showed on tlie suiface a very thoroughly decom- 
posed rock, containing an excess of iron, which gave it a specific gravity 
rather higher than usual and a dark brown color. Hornblende pre- 
dominated in the rock. There were here and tliere traces of various 
ores of copper, and lining the walls of the small cavities in the rock 
was observed a thin film of gypsum and chloride of sodium. This spot 
was situated upon the east bank of the North Pork of the Cache si la 
Poudre, and about three hundi'ed feet above thaf stream. 

The next opening we visited was about half a mile northwest, and 
was called Iklaxwell's opening. This was again a dark-colored, not very 
distinguishable syenite, coated with malachite, and more or less per- 
meated by copper pjTites. The opening was seven feet deep and the 
crevice four or five feet wide, and the two pay streaks situated, the one 
against the south wall rock, and the other about thirty inches there- 
from. The ore becomes harder and more solid the deeper it is found. 

Hole Mo. 3 was three hundred yards from No. 2. It was about four 
feet deep, two and a half inches wide, and four feet long. The roclawas 
silicions and intimately mixed with a yellowish clay, which, with the 
reddish tinge due to the oxide of iron, gave the whole mass a copper 
color, which probably misled the prospectoi-s and caused the diggi?ig of 
the hole. A little copper pyrites was obsen-able and a very little ma- 
lachite. 

Hole Ho. 4 had been sunk by some Frenchmen fifteen feet deep, thi'ec 
and a half feet wide, and five tfeet long. The rock described as compos- 
ing No. 3 occurs with a curious slag-like ailex containing very plain 
pseudomorphs of cubes of iron pyrites. In this ore was a little copper 
pyrites and malaeliite. 
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Lastly we emerged upon a precipitous narrow dike of quartz por- 
phyry overhanging the before-mentioned creek on its right bank, and 
forming an abrupt wall of one hundred and fifty feet above its bed. The 
crystals, both of quartz and feldspar, were very largo, averaging the 
size of a man's hand. Tlie quartz was standing transparent and milky, 
while the feldspar was of the true flesh-red color common to typical peg- 
matolite. 

BOULDER CITY, JULY 5. 

Obtained specimens of ores from leads ten miles from this place up 
the James Creek. A fine solid specimen of argentiferous galena was 
given to me from one foot beneath the surface at the intersection of the 
Buckhom and Kg Thing lodes. Mr, Aviiett, the owner of the claim, 
states that this ore runs from $125 to $200 per ton in silver, and $300 
in gold. I also obtained a specimen of very fine-looking ore from the 
Horsefall mine, ten miles from Boulder City, in Gold Hill. 

Near Boulder City, on the property owned by Mr. Marshall, occur some 
fine exposures of coal, which have been visited by Br. J. LeOonte, and 
examined subsequently with much care by yourself, so that a special 
• report from me upon them would he superfluous. I will confine myself, 
therefore, to the mere statement that, in a distance east and west of a 
couple of miles, there are eleven exposures of very excellent coal, at least 
nine of which would seem to promise rich rewards for the working. The 
mining which has as yet been done, was merely to fix the location and 
investigate the extent of the veins, as well asthat could be done at the 
surface. The beds appear to be large enough to yield with proper aiipli- 
ancea a thousand tons a day tbr an indefinite time. The commercial 
value of this coal when the country is a little more settled can hardly be 
overestimated. The color is a dark brownish or bluish black, with a high 
■luster and low specific gravity. It breaks, as does all of this recent coal 
which I have observed along the flanks of the Eocky Mountains, with 
the exception of the rare anthracite, into parallelopipeda. This liabil- 
ity is annoying to the smelter, who finds tliat it chokes up his grate bar's 
and stops the draught, but it has been successfully combated in the works 
of Professor Hill, of Blackhawk, by the use of the staircase fiu'nac^. 
This coal contains very few impurities, and can be and is used in the 
blacksmith's forge without previous coking. Specimens have been pro- 
cured from these various veins and will be analyzed at the earUest oppor- 
tunity and the resists submitted to you.* 

GOLDEN CIXY. 

Golden City is situated nearly west from Denver, on a gently sloping 
plain attheinnerextremityof the caiion between two singnlar mesas or 
table mountains of igneous rock, capped, liite the innumerable mesas fur- 
ther south, with thick slabs of basalt. The western border of the beau- 
tiful valley in which Golden City is built, is formed of the gneissie rocks, 
upon which rest the triassic (partly variegated and parHy white) beds, 
and then follow the Jurassic and cretaceous, but iD-defined on aocount 
of lie unbroken grassy sward which usually conceals them. The dip of the 
tertiary beds is here beyond the vertical, so that they seem to incline 
toward the mountains. There is a lead of silica in a state of fine divi- 
sion which has been opened on a bill of triassic. On the west side of 

*I forward to jou aa a Buppleiueat to tliia report onalysea of somo coala iivm. 
Wyonung Territory, and hojw to add tlae Boiilder coals thiireto shortly. 
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a little vaUey separating the cretaceous and tertiary, occur, in order, clay, 
sandstone, clay, coal, (one and a half to two feet thick,) clay, sandstone. 
Throughout the beds overlying this coa! seam, in the natural order of 
deposition, but, iu point of fact, underlying it on account of the abnor- 
mal dip of the rocks, are many indications of lesser coal beds which as 
yet have not been opened. About ten feet below the nethermost sand- 
stone (in age above it) occurs a vein of fine brick clay ten to fifteen feet 
thick. The limit of this stratum on its east side has not yet been reached, 
but the clay grows purer and more and more free from iron in that 
direction. On the west side of this bed the clay is not utilizable ou 
account of the presence in it of iron, which forms a fusible double silicate 
and melts out, leaving the mass full of holes. A pottery has been started 
md bids fair to compete successfully with the best establishments of 
similar character elsewhere. As yet the proprietor confines himself to 
the mannfaeture of earthenware, but contemplates incre'asing the extent 
and variety of the products of this pioneer pottery, and even hopes in 
time to be able to rival the best English white ware. 

Friday, July IG.— JVojk Goldm City to a point on tlie mail road nine 
miles east of Idalto City. — At Mount Vernon the road enters a cafion, and 
after catting across a red syenite, passes into a region of finely lami- 
nated gneiss. From this point the springs become more frequent. A 
number of quartz veins crop out on the sides of the road. Visited a 
lode situated about two hundred yards south of the road and half a mile 
west of the stage station. The crevice was eight feet wide, and the dis- 
covery shaft ten feet deep. The quartz (which was very rotten) exhib- 
ited iron and ai-senieal pyrites, copper glance, and galena. The wall 
rock on the south side was not much weathered, whereas the proper 
north wall-rock had not been reached. Not far from this opening was 
another shaft thirty feet deep. The ore from it was rich in malachite, 
copper pyrites, peacock ore, and copper glance. BeautitW rhombohedra 
of calcite were obtained from the gangue rock. This claim was to have 
been sold in 1863 to parties in New York for $25,000, but owing to the 
effect produced by the panic among owners of Colorado mines in that 
year, the sale was not consummated, and the claim has lain idle ever 

An opening on another lode stall further west revealed copper pyrites, 
malachite, galena, and silver glance, ij'ine calc-spar crystals were ob- 
tained here also. 

July 17.— Our route lay through Idaho City, nine miles distant. The 
first part of the road wound its way through masses of red and gray 
gneiss, intersected here and there by veins of white quarta. I^fow and 
then this gneiss alters its character, both in habitus and color. Two 
or three dikes of quartz porphyrj' cross the road. 

The placer mining is carried on extensively on Clear Creek, there being 
sixteen sluices between the intersection of the road and creek and Idaho 
City. One party of the miners informed me that they averaged $12 per 
day ijer man. They had five rifles in operation. .■* 

On the banks of Clear Creek the rocks were much contorted and 
flexed ; general dip, northwest. 

The hills ,on the right bank of the creek are much more weathered 
and rounded off than those on the opposite bank. Gneiss of all 
kinds, heavy and thin bedded, coarse and fine grained, red and gray, 
with all possible combinations of these varieties, were observed. Near 
Idaho the gneiss becomes somewhat suddenly very micaceous. 

There are six sluices in operation between Idaho and three-quarters of 
a mile above that city. Beyond this there i8 no gulch mining attempted. 
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At Idaho there is a hot soda 8priiig,_ whose waters, however_, I did not 
analyze. Jnst above Idaho is a aliiice which once upon a time washed 
out one ounce of gold (twenty-three dollars) per hand per diem, but the 
best is now washed out. Near Seven-mile bridge the gneisa pitches 
almost vertically on the right bank of the creek, and resting upon these 
upturned basset edges were huge masses of gTay gxanite. 

GEORGETOWN. 

The characteristic mineral of the country is zincblende, associated with 
galena, iron pyrites, and comparatively little copper pyrites. The most 
usual gangue'rock is decomposed porphyry, and decomposed granite, 
with much quartz. The country rock is composed mainly of gneiss. In 
West Argentine there is considerable flnor spar occurring, as gangue 
rock. 

Baker lode.—^o far as an approximation to an average dip could be 
got, this appeared to be east northeast, but throughout the region the 
rocks are huddled together with such irregularity that nothing definite 
can be stated about either the general dip or the g^eral strike of the 
rocks. The general strike of the veins is east of north, and their pitch 
■ nearly verticsd. 

Brown lode.— At most of the mines the ore is got out by hoisting, but 
at this one there is a tunnel driven in sixteen hundred feet above the 
bed of the creek to intersect the shaft. The mouth of this latter is one 
hundi-ed and ten feet above the tunnel, and is met by tbe above-mentioned 
cross-cut, (one hundred and eighty feet long,) and by a drift extending 
(up to the date of these notes) but thirty feet out from it. The ores found 
in the Brown lode are native (wire) silver, antimonial silver, (AgSbs,) 
stepiianite, copper-fahlerz, polybasite, and the dark and light ruby ores. 
The amalgamation works below here are usually supplied with ores con- 
taining less than five per cent, of lead. 

An engine of thirty horse-power drives the ma-ehinery of the mill, 
and in winter time warms the water intended for the wet stamps, and 
the building Itself, by means of a steam-pipe leading to the tank con- 
taining the water. The mines are not troubled by water. In last April 
the miners had some trifling difficulty to contend against after the spring 
thaw ; but this was promptly met and overcome. There are twenty 
stamps tbr wet crushing and four others each of 500 pounds weight. The 
ore contains about twenty per cent, lead, but tliis is insufficient to meet 
the wants of the furnace, and lea^l is bought to supply the deficiency. 
Thirty-five per cent, of lead is necessary to the carrying on of the pro- 
cess. There are two classes of ore which are dressed or separated by 
hand. The first-class ore is crushed dry and goes directly to the fiu-nace. 
The second-class ore is crushed wet, and dressed by means of a circular 
huddle revolving from fifteen to twenty times per minute. Under one 
hundred ounces per ton, the ore is not treated, but is dumped out and 
saved in the hope that the reduced price of labor or some more econonp 
ical process may enable the owners to work it to advantage.* 

The ore, after having been dressed and sorted as above-mentioned, is 
mixed with ten per cent, lime and fifteen per cent, iron, and is subjected 
to a low red heat in a reverberatory furnace to reduce any argentiferous 
litharge that may be present. Then high heat is given, and the sulphide 
is converted into argentiferous lead and matt, according to the usual 
method'. 

!r ton, so that oue tumdred 
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The roasting requires from twelve to fifteen hotirs and the smelting 
twelve hours more in tlie reverberatory furnace. The matt, after being 
separated from the Eirgentiterous lead, is stored away to be worked over 
at the end of eveiy run j or if the furnace clogs up some of it is added, to 
clean it out by its fusibility. 

A run occupies usually twenty days, more or less. In regard to the 
amount of work done by this company the following statement may be 
of interest, as giving the total from January to August of 1809. 

Total number tons of ore treated in furnace, 188. 

Avei-age assay value of ore per ton, 200 ounces. 

Percentage of assay value saved, 90 per cent. 

The Terrible shaft is opened four hundred feet below the Brown. In 
April last the workmen were shut out from their shaft by the rapid 
invasion of water, but since then there has been no trouble. The Ter- 
rible ores have already attained a widespread reputation for richness. 
The main difference between them and the Brown ores is that they are 
richer in brittle, and the Brown in ruby, silver.* 

The Baier mine. — The mill belonging to this company is situated some 
four miles up the cation known as West Argentine, and on the opposite 
side of the creek from the Brown lode. It is one of the very finest 
structures of the kind ever erected in this Territory, but was not quite 
completed at the time of my visit. On the floor of the mill under the 
apertures through which the ore is to be delivered, is a drying hearth for 
drying the wet ores. After the moisture has been driven off the ore is 
crashed in Dnbois's breaker and ball-crusher. The former of these 
machines resembles the breaker known generally in Europe under the 
name of " the American nut-cracker." The ball-crusher is a cylinder 
formed of strong iron staves, which ai-e attached at their extremities to 
two stont iron disks in such a way as to leave a very small crack between 
each two of them. Three to four hundred pounds of iron balls aro then 
put iu with the oro and the cylinder rovolved on its axis. The finely 
powdered rock falls through the ci-acks into a hopper buUt to receive it, 
and through this hopper into an iron cylinder twelve feet long and eight 
feet in diameter, with a helix attached to its inner surface for the pur- 
pose of continually turning the ore, and thus presenting a fresh surface 
for oxidation. Fire is at first applied, and this cylinder is made to rotate 
slowly, and in a short time the sxUphur of the ore is ignited, whereupon 
the extraneous fire is withdrawn and the oxidation continues with the 
assistance of the heat from the burning sulphur. The supply of atmos- 
pheric an- to the interior is regulated by means of a door to an opening 
at one extremity of the cylinder's axis, while the volatilized oxides of lead 
and zinc and silver are led througli a pipe connecting with the other 
extremity of the axis to condensing chambers and thus saved. 

After a thorough roasting the ore is let out upon cooling floors, and 
from that transferred to the amalgamating baixels. 

The Baker ores contain much ziucblende and will average perhaps sixty 
ounces silver per ton, though occasionally rich pockets are met witii i5 the 
mine, the ores from which have given remarkably high results. Eed and 
white varieties of fluorspar occur largely as gangue rock of the lode. 

TJte Burleigh tunnel. — This is about half a mile distant ftora the Brown 
lode toward Georgetown. The object had in view by the proprietors of 
this tnnnel is to interaect all the lodes whose strike is with the trend of 
the mountain in which it is being driven. The rock is quite hard, and 
only one hundred feet had been bored when it was inspected. The boring 

*■ Tlie average assay value of brittle silver is five thousand onnces per ton. 
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is done by means of steel drills -worlced by compressed air^ the macMue 
for driving them being mounted on a ear running on rails. A steam 
engine outside compresses the air and forces it through pipes to the 
machine in the interior. It is expected that a lode will be intersected 
about one himdred feet further in, 

Tlie Snowdrift mine. — This mine is three quarters of a mile below the 
Brown lode, on the same side of the creek, and is live hundred feet higher 
up the mountain than the same. The ores are chiefly sulphuret, (silver 
glance^) and galena. Very little iron or copper pyrites or zincblende is 
met with. The vein is five feet in thickness, and the pay streak, (one- 
half of which is said to be composed of silver glance,) six inches m 
■width. The cost of getting out five tons {including wages, &c.) was 
seventy dollars, and t£e ore averages one hundred ounces per ton. 

The Gripth lode. — This lode, hke the Gregory, near Central City, ia 
the oldest as well as one of the richest in the vicinity of Georgetown. 
It is situated in a high hill or mountain on the right bank of Clear 
Creek, The shaft opening is about half way up this hill. The shaft is 
one hundred and twenty-seven feet deep, from which a drift has been 
struck fifty feet east, and ten feet west. The dip of the vein is a trifle 
south, though it is nearly vertical. The crevice averages perhaps four 
"to five feet, and its north wall-rock is a syenite, while the south wall 
rock appears to be a weathered granite. Assays show values of from one 
hnndred to seven hundred ounces per ton. The ore will average per- 
haps one hundred and fifty ounces i)er ton. The expectation was, when 
the improvements in progress had been made, to tajie out fifty tons of ore 
per diem. Some little trouble was experienced from water in the early 
spring, but not enough to hamper the efaeient working of the mine. 

This company owns twenty-five feet each aide of the lode and three 
hundred on the lode each side of the discovery shaft.* The upper pai't 
of the north wall-rock consists of a decomposed, yellowish coarse-grained 
mixture of gneiss and quartz porphyry, butbelow it is a hard, compact 
syenite. The south waU-rock appears to be, above, a reddish ferruginous 
weathered granite, and, below, a white, compact quartz porphyry. 

The following is as accurate a list as could be obtained of the princi- 
pal lodes worked at the present time in the vicinity of Georgetown : 
Baker, (worked for three years;) Brown and Coin, Terrible, Lily, Men- 
dota. Snowdrift, White, Elyah Hise, Wm. B. Aator, Cliff, New Boston, 
B. Nucklea, Belmont, Continental, Equator, Gilpin, Griffith, Comet, 
Magnet, Anglo-Saxon,+ Young America, and Wall Street. 

There ai'C seven mills and dressing works iu the vicinity. 

From the Equator and Terrible the first-class ores are hand-dressed, 
(from the former simply broken and boxed, from the latter crushed and 
sacked,) and sent to the Eastfor farther treatment. The lead is notpaid 
for. I am informed that in the New Boston mine there is in one place 
fifteen feet of solid galena. The same authority states that a shaft was 
sunk on the vein one hundred and seventy-flve feet before it was dis- 
covered that the crevice, instead of Ave, was fifteen feet in breadth. 

J. 0. Stuarffs mill — This mill stands on the left bank of Clear Creek, 
just below Georgetown, and is built for custom ores. The greater part 
of the business of this mill is derived from the Equator and Terrible 
second-class ores. The average amount of ore put through the mill is 
about three tons a day, or one thousand tons a year. The process is 

* See Mining Laws of Colomclo. 

till the Angio-Sason, I am ittformeil that native silver preiloioiiiatos. over alL etlicr 
inetftle, hut tLe pay streak is very naorow, 
8 GS 
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the same nsed in California and Nevada. Ores are never sent hei'e for 
treatment which assay less than $60 per ton, and the average is about 
$100 per ton. These otea are roasted with salt in a reverberatory fur- 
nace and amalgamated jn pans. They consist chiefly of silver glance, 
zincblende, and copper (and iron) pyrites. They are first dried m an iron 
pan and then crushed dry in a six-stamp mill. After this they are sub- 
mitted to a chloridizing roasting in a reverberatory furnace with salt. The 
pyrites contained in the ore is sufficient in amount to react on the clorido 
of sodium and set free tl e chlorine without the necessity of adding sul- 
phate of iron, which is usually done. The material is then amalga- 
mated in iron pans and filtered through cloths, after which it ie retoi-ted, 
assayed, melted, run into bricks, and stamped. The ore from the Whale 
lode contains about equal values of silver and gold, and will be run into 
bars as auriferous silver and sent East for separation. 

EMPIRE CITY. 

The principal mines in the neighborhood of Empire City are the 
Conqueror, Silver Mountain, Tenth Legion, Empire, Livingstone, At- 
lantic, Gold Dirt, Eosencranz, Eupp and Cross, Tom Benton, and Star, 
the Curtis, and Ellsworth, (the former close to Mr. Ball's mill, and the 
latter almost in the town,) and the Bay State. M.any others look favor- 
ably, but are not mentioned, because the shafts ate not yet sunk deep 
enough to render an intelligent opinion of their capacity possible. 

The Conqueror lode. — This lode is located a mile or two above the 
settlement of Upper Empire. The shaft is two hundred and seventy 
feet deep, and the ore is all pyrites in a fine state of division. There 
are. as yet, no drifts commenced, but the ore is shoveled out into buck- 
ets' and dumped out as a mass, resembling moist sandy clay, inter- 
spersed with flue crystals of iron pyrites. The engine, which is of twen- 
ty-two horse power, hoists out in ttorty seconds. They get out two cords 
of ore, at from eight to ten tons per cord, in a day. This Conqueror ore 
assays very well, but the data of its yield I am unable to find in my 
note's. 

The Eosencranz ore resembles that of the Conqueror. The crevice of 
the Silver Mountain lode is five and one-half feet thick. It had lain 
idle for some months previous to the date of my visit, (JulVj) and there 
were ten feet of drift snow m the bottom of the shaft when I descended 
it. The roof and walls of the mine were covered with fine ci-ystals of 
Green Vitrol. 

AU these lodes were recorded as striking northeast and southwest. 

Mr. Ball assures me that the genera! character of the gangue rock in 
all this district is granitic. 

There are nine amalgamation mills in this (the Union) district. 

CENTRAL CITY. 

The Gregory lode.— This crops out near the lower end of Central 
City, was the first discovered in Colorado, and has been worked ever 
since with profit, in spite of the disturbances which have checked the 
development of so many other mines. At present there are seventeen 
shafts sunk in the lode, only three of which are being worked. The flrst 
class ore of this vein is an iron pyrites in which a tolerably coustantper- 
centage of gold is found mechanically diffused, (or as some think chem- 
ically combined, with siilphur,) but at aU events in a state of verj- flno 
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division. The ore assays from three to six ounces gold per ton, and 1b 
sold to Professor Hill for treatment in his smelting works. 

A somewhat singolar phenomenon is the occurrence, at No. i Gregory 
Lode, (Bruce's claim,) of three separate veins in a breadth of fifteen feet. 
These veins are named the Dead Broke, Gregory, and Foote and Sim- 
mons. They are divided from each, other by thin walls of country . 
rock, in some places two inches and less in thickness, but were virtually 
regarded and wrought as one vein. A little higher up on Gregory hill 
these veins diverge in three different directions, and at a depth of two 
hundred aud sixty feet in the Smith and Parmelee shaft the latter two 
are seventy feet apart. 

Smith and Farmelee mine.— This claim was wrought for the first 
forty feet as one v^n. It there divides over a mass of country rock, 
and, as above stated, the veins diverge continually at lower depths. At 
the surface in many places, the lode in which this claim is situated ap- 
pears to dip with the country rock, but deeper the latter becomes almost 
horizontal, while the vein continues its course downward as a true fis- 
sure vein. At a depth of two hundred and sixty feet work was con- 
ducted on the north vein, and a cross-cut was run out to the Gregory 
. lode iu which there are one hundred and sixty feet of good ore which 
has not yet been stoped out. The levd in the Gregory vein has been 
run east and west eighty feet. 

The breadth of the vein is, on the average, two feet, and of the iron or 
pay streak, ten inches. The average assay value of the ore is one hun- 
dred and twenty-five dollars per ton. It is sold to Professor Hill. At 
a depth of four hundred and fifty tfeet there is another level run, and 
this is as deep as the Gregory vein proper has been wrought. In this 
level the appearance of the ore is unchanged. The mill and machinery 
had been overhauled and put into better condition than ever before, and 
the management having fallen into new hands everything seemed to be 
conducted with an energy and attention to details which cannot fail to 
make the enterprise a success. Twenty-five five-hundi'ed-pound stamps 
were at work, the hoisting machinery was in good order, ventilation 
perfect, and the stulls in good condition. The cost of these large tim- 
bers is enormous, and out of all proportion to the other appointments of 
the mine. One of them, eight to ten feet long, will cost ten dollars 
before it is In its place. 

Bripgs's mine.— Tim claim adjoins tlie Smith and Parmelee, and is 
owned and superintended by the brothers Briggs. Everything about 
the mine and mill indicated that work was being conducted with intel- 
ligence and care. The condition of ladders and cribbing was good. I 
will venture to. make one suggestion of an improvement which will 
apply to the majority of all the mines here, as well as to this one. In 
some cases, where deep shafts or other dangerous places must be passed 
by the miners in their passage to and from their work, a proper regard 
for their safety should induce the company to see to it that every acci-. 
dent which could endanger life is guarded against." In some few ca,seS 
this has been overlooked. The Gregory and Briggs veins, together at 
the surface, are fifty feet apart at a depth of four hundred and fifty feet. 
The distance between the wall rocks varies from four to eighteen feet. 
The appearance of the ore improves, the lower the vein has been fol- 
lowed. „ 

At the bottom of the shaft, the Gregory vein widens out to eight feet, 

■■ An accident lias Binco oeciured in tliis mine by wliich three men were Itillcd. 
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and besides the fine look of the iron pyrites, native gold is found, in very 
small particles, scattered over quite an extent of the pay streak. 
Til the mill are fifty eight-hnndred-and-eighty-pound stamps. 

NEVADA CITY. 

The Prize and Copelwnd lodes. — The town of Nevada adjoins Central 
City and stretches away some two miles np the gulch in which it is 
built. The Prize vein strikes about north 10° west, and the Copeland 
nearly west. 

Tlje two veins come together in the shaft at a depth of one hundred 
and twenty feet from the surface. The drift on the Copeland has been 
run seventy feet west and sixty-five feet east firom the shaft. At the 
extremity of the western ontstope the vein is ten feet in width, and the 
ore occurs throughout the whole of it. The ore is principally zinc- 
blende, and assays one hundred dollars per ton. The second-class ore 
averages six ounces per cord. Mine in excellent condition, and timbers 
good. Seventeen men and two horses are employed in and outside the 
mine. Back and forward stoping are being carried on at the aame time 
from the extremities of the drift. At the bottom of the shaft the vein 
is six feet In .thickness, and contains an eighteen-inch pay streak close 
to each wall. The average yield per diem is three cords {about twenty- 
one tons. Twenty-four stamps ai'e run night and day. 

North Star lode. — The ore from this lode conteins a fahlerz which 
will prove very rich. The machinery and appointments of the mine are 
the best that I saw around Central City. The hoisting apparatus, which 
is provided with an automatic dumping arrangement, works beautifully, 
8h^ mouth, dressing works, and blacksmith shop are all under the 
same roof. There are eight tables for blanket tailings. 

Ferrin lode. — The shaft house aud mill belonging to the Perrin Mining 
Company had just been erected under the superintendence of Mr. G. A. 
Bradley, but had not been running long enough to enable ine to gather 
any reliable statistics as to the amount of work which could be done 
per diem. 

The shaft is situated in Bussell Gulch. The ores of this mine com- 
prise copper and iron pyrites, copper glance, and fehlerz. The flrs^ 
class ore averages $150 per ton, and the second-class three and one-half 
ounces per cord. The shaft is one hundred and forty feet deep ; dip of 
vein, seventy-eight degrees; strike north five degrees east at the shaft 
mouth, but &e strike varies with the distance from the shaft, and the 
vein appears to conform to the shape of the hill. No good hanging 
wall has yet been reached. 

The mill owned by this company is located about a quarter of a mile 
from the ^aft house in Bussell Gulch, and is forty feet square. 

There are iovi companies running mills in the gulch above this one, 
which purchase their water from the Consolidated Ditch Company. Mr. 
Bradley, however, has a drain to Graham Gtilchj two hundred and'flfty 
feet distant, and leads the water which he obtains from it to a tank of 
twelve hundred cubic feet capacity. A large cistern of five barrels 
capacity, attached to the rafters of the mill, keeps the stamps supplied 
with water, tiirough pipes suitably attached, and derives it-s supply from 
the large tank previously mentioned. 

In the event of the water supply failing, there is a second t-ank, of 
two hundred and eighty -eight cubic tfeet capacity, which is placed at the 
opposite end of the mDl, and into which the water from the tail sluices 
runs. This tank is divided into a smaller and a larger part by a parti- 



i by Google 



SURVEY OP COLORADO AND NEW MEXICO. 117 

tion not quite as high aa its sides, over wliieh the water pours from the 
former into the latter dirision, thereby clearing itself. An elevator 
conveys it from here to the cistern. By this arrangement the' same 
water can be used two or three times. 

One engine of thirty-flve horse-power drives two six-stamp and two 
five-stamp batteries. The stamps of the formei- weigh six hundred 
pounds each, and those of the latter four hundred and fifty pounds 
each. 

There is a separate bin opposite each battery for sorting the custom 
ores. The four-huudred-and-fifty-pound stamps ate intended to drop 
thirty-five, and the six hundred pounders tweuty-flve times per minute. 

There are in this mil! eight feet of coppers and four feet of blanketjs: 
but besides this the water runs over four and one-half feet of small 
blankets to the tail-sluice. Two pumps keep the water constantly 
supplied to thfi cistern. The blankets are washed, according to cii-cum- 
st^ces, every fifteen to thirty minutes. 

These tailings are brought into the Bartola pans and polished by 
arastras, niti-ate of mercury and cyanide of potassium being added in 
small quantities to assist the process. 

From this they are brought to the dolly-tub for amalgamation. These 
three pans save $15 of the gold, which would otherwise run out and be 
thrown away, per day ; and Mr. Bradley hopes to be able, by -the useof 
three additional pans, which he contemplates adding, to pay the daily 
wages of tiie whole mill personaL 

The two five-stamp batteries are always worked together, but the six- 
stamp batteries are provided with a cloteh, by disconnecting which 
festening IJiey can be worked separately. 

CUvekmd mine. — Excelsior lead. 

Trail Creek, a few miles Jrom Idaho City. — I visited the mill belonging 
to this company for the purpose of witnessing the trial of a new two- 
stamp steam stamp, the invention of Mr. Wilson, of Philadelphia, Two 
steam cylinders are mounted on heavy framework, the piston-rods pro- 
longed below are shod, thus forming the two stamp-rods. The weight 
of each stamp is 500 pounds, the impinging force of the steam 1,700 
pounds; whict, deducting the necessary amount lor friction and other 
losses, leaves an available blow of over 1,700 pounds. These st-amps 
can be run 170 to 212 per minute. This velocity was not attained 
during the trial, but the working was so satisfactory as to leave the 
impression on all who witnessed it that this kind of stamp mill, with 
certain modiiications, bids fair to supersede all others. Great attention 
must, of course, be paid to the feeding, to avoid throwing upon the 
table imperfectly crushed quartz, because from twice to twelve times as 
much ore as in an ordinary mill passes in a given time under each one of 



The smelting worJcs of Professor Hill. — These works are favorably sit- 
uated on Clear Creek, half a mile below the western extremity of the 
town of Black Hawk. ITiere are two reverberatory fiimaces, a set of 
rollers for crashing, and attached to the works is an assay office for 
valuing the ore bought. 

This ore is of all kinds and comprises the richest produced by the 
mines. Seven tens are matted in one day, and this matt is then sent by 
Professor Hill to Swansea and sold. The lump ore is roasted in heaps 
six to eight weeks, to get rid of the greater part of the sulphur; it is 
then crushed in the rofling-mill and mixed with the other ores. 

The tailings, consisting mainly of pyrites, are roasted in the reverbe- 
ratory Aimaces. 
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All the ores are mixed together after roasting, in such a manner aa to 
produce a slag of the requisite fusibility. The greater part of the zinc, 
lead aud arsenic is volatilized, a small portion only uniting Tcitli the 
matt and slag. The matt cont-ains forty per cent, copper, and is the 
product obtained by smelting the roasted ores. How rich this matt is 
in silver, and how much of it is annually shipped abroad, is known only 
to Professor Hill and his assistant- 
It is stated that Professor Hill contemplates erecting additional 
works for the reduction of this matt on the ground where it is produced, 
and the enterprise is generally regarded with satisfaction by the mining 
population, among whom the belief is common that the profit which 
Professor Hill can realize in treating these ores onght to be suffi(iieut to 
enable him to spare himself this great transportation, and at the same 
time stop one of the many channels through which buUion flows out of 
the country. 

COLOEADO CITY, AUGUST 9. 

About three miles from Colorado City, in a ravine through which 
flows the Pontaine-qui-bouille, are the famous soda springs, which 
have been from time immemorial regarded with superstitious awe by 
the Indians, and which are now attracting persons from all parts of the 
country by their beauty and supposed medicinal virtues. Three of 
these springs are situated on the right bank of the creek, not more than 
fifteen feet from the edge, and one of them (the smallest, and that giving 
the strongest water) on the left bank. 

The first of these which one meets in going from Colorado City bub- 
bles up through the rock into a large basin of seven or eight feet in 
diameter, which it has formed partly by wearing away the sides which 
confine it, and partly by continual deposits of its salts. This spring is 
c^led the " Beast Spring," because it is the only one of the four con- 
veniently accessible to large quadrupeds, which drink gi'eedily of its 



The next (and largest) spring on the same side of the creek is the 
bathing spring, and is distant from the other but a few rods. A rude 
roof is erected over the spot whence it issues ttom the rock, and the 
invalids sojourning at this place (of whom there were three at the date 
of our visit) bathe in it night and morning. The third spring on this 
side is the " Iron Spring," and is situated a short distance up Uie stream 
from the last-mentioned, in a thicket, which proves from its little dis- 
turbed condition that the cui-atlve powers of the water are not held in 
as high estimation as are those of the other springs. 

The last spring, which I have ventured to christen the "Doctor," fi'om 
the strength of its water, is the smjdlest of all, and on the left bank of 
the Fontaine. 

A qualitative analysis of these springs with the blow-pipe gave the 
results which foUow. The manner of conducting the analysis wils as 
follows : 

A large iron camp kettle, of four gallons capacity, was filled with the 
water, and the contents evaporated to dryness. The salts deposited 
were then collected, and, after the water itself was tested for volatile 
substances, analyzed. 

The Doctor. — Four gallons of tie water of this spring were evaporated 
to dryness. The salts of the residue would weigh perhaps an ounce. 
The mouth of this spring is about one foot in length and eight inches in 
width. The water contains much carbonic acid in solution. It emerges 
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quietly from a syenite on the left bank, and flows in a slender stream 
into the Pontaino. A few bubbles of gas are rising continually to the 
surface, but the excess of carbonic acid is not proportionately so great 
as in tiie other springs. There is a comparatively small deposit of car- 
bonate of lime in liie bed of the little canal which the watex has worn 
away through the roek, and none in the vicinity which could be traced 
to the overflow of the spring. The water shows no traco of volatile 
substances which would escape during the evaporation, except carbouic 
acid. Its reaction is feebly alkaline. 
The salts held in solution are as follows; 
Much— NaO.COi 

KO.COa 

OaO . COs 

NaCl ■ 

Trace — Fo . 
The Iron Spring. — Tliis showed the presence of that metal from which 
it is named by a very inaigniflcant deposit of the familiar brown oxide 
. in its vicinity. No volatile substances in the water. Keaetion alkaline. 
The salts in solution were : 

*KO.COj 

KaO.COs 

*Li0.sOO|, 

(Probably as carbonate)— PeO . 00* 



The amount of iron in solution in the Iron Spring was unusually 
small ; the amount of alumina beiug greater and that of lime less than 
in "The Doctor." 

The Beast Spring.— This is next to the largest. A continuous line of 
bubbles of carbonic acid is perpetually ascending from the bottom. The 
taste of the water is not so pleasant nor pungent as that of the other 
springs. 
The analysis showed — 

NaO.COs 
KO . COs 
Ka.Cl 
S 

AUO3 
The BatJdng Spring was not analyzed, but its salts cannot be very dif- 
ferent from those of the " Beast." A noticeable feature of this latter is 
the small per cent, of sulphur which probably is present in soda or 
pot-ash alum. The ebullition of gas in the "Bathing Spring" is enor- 
mous and keeps the water in a constant state of agitation. _ , 
This spring bursts out from a syenitic rock, but by the overflow of its 
waters it has covered the latter with a crust of carbonate of lime sev- 
erid teet in thidtness and much broader than is the case at the celebrated 
High Eock Spring of Saratoga. It is as if a white tablecloth were laid 
over the rock. I Lave never seen so violent an escape of giis except 
from the Saliua near Kissingen, in Bavaria. 

* The potash and lithia reactions with the blowpipe are snfBciently disfinguishable 
to (inalile one tXMsessing the requisite experience to recognize tliem with a little trouble ; 
but in the field, -where time is short and opportunities meager, it is not always easy to 
do this. I vcntiwe to give them both without stating which predominates, reserving 
the solfitipn of tMs question for the first opportunity wliicli oners ia the future. 
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The Indlaiis (both those of the mountains and those of the plains) 
freqaently visit these springs, and, riding around them upon their horses, 
do homage to the Great Spirit which caused them to boil forth at this 
place, by throwmg in offerings of eai'-rings, bracelets, beads, and other 
objects of value. A gentleman, residing here temporarily for his health, 
was upon one occasion alarmed at the approach of a large band of Sioux, 
who, he saw, were in their war-paint and on an expedition against the 
TJtes in South Park. He secreted himself and watched them. They 
rode around the "Beast Spring," chanting some solemn invocation, and 
from time to time divesting themselves of some trinket and casting it 
into the babbling water. When this was concluded they all drank of 
the spring, and then pursued their journey. It may be interesting to 
the believers in the virtues of the water to know that this same hand was 
badly whipped by the Utes, and on its return wa-s in too great a hurry 
to repeat the incantation scene. My informant took over a bushel of 
rings and tiinkets out of the spring. 

CASON CITY. 

Seven miles up the canon, through which runs Four-mile Creek, are 
four oil wells, which have been sunk by a Denver company, under the 
direction of Mr. James Murphy, who resides by and takes care of them. 

The canon rans through cretaceous sandstones and shales. The works 
are very primitive as yet. Scafi'oldings surmount the mouths of two of 
&e wells, and the oil is got out by pumping. 

One of these wells is three hundred tfeet deep, but the oil is called by 
the superintendent surface oil, and he expresses confidence in reaching 
a much larger supply by piercing some distance down. At present he 
can only extract a few gallons a day. Some of the oil is stored in bar- 
rels about the premises. 

An analysis made of the oil by Mr. Murphy gives — 

Per cent. 



Good clear burning oil 50 

Nitrogenous mass, containing much parafiine and parafBno oil 25 

Coke and refuse 13 

Total 100 

Mr. Murphy states that these oil weHs have been opened six years, 
the half of which time he has resided on the ground, and estimates the 
annual production of oil at abont four thousand gallons. 

A quarter of a mile west of CaQon City is a soda spring of dehcious 
water which hursts out from between No. 1 and 2 of the cretaceous. The 
spring is small and its strength diminished by a large acequia, the water 
of which leaks through an aqueduct, built to carry it around a jutting 
point of rock, aad trickles into the spring. 

The taste of the water is very agreeable, and stronger than that of 
any similar spring I have ever seen. 

A trace of iodine was discovered in the water of this spring. The 

salts were — ' 

NaO . COj 

MgO.COi, 

OaO . COj 

Trace— Fe 

AI2O3 
Trace-I 
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A crust of carbonate of lime is observaljlc everywhere in the vicinity 
of the spring as a porous tufa-like mass, 

NEW MEXICO.— LAS VEGAS, SEPTEMBER 5. 

Visited the celebrated hot springs, or "Ojos callientes." These springs 
make their way through metamorphic rocks on both sides of the creek, 
and the women of ttie country come to wash their clothes in them, for 
miles around. The temperature of the water is very high, but not being 
able to procure a thermometer in Las Vegas, I cannot state it with any 
pretense to precision. I estimate it at over 150° FaHrenheit. A five- 
gallon kettle of water, when evaporated, left a very slight sediment at 
the bottom — not a quarter of an ounce. 

In solution were : 





KO.OO, 




NaO . CO2 




Na.Cl 


Trace 


Fe 


Trace 


S 


Trace 


LiO. 



SANTA FE, SEPTEMBER 9. 

Visited the old placer mines, which are situated in a short chain of 
mountains lying thirty miles or so west from Banta F^, and on a large 
grant belonging to the ifew Mexico Mining Company, and under the 
direction of Colonel Anderaon, formerly of the engineer corps, United 
States Army. 

The land owned by the New Mexico Mining Company in the San Lazaro 
mountains is ten miles and sixty chains square. The whole surrounding 
country is impregnated with gold from fie mountain lodes, and gulch 
mining there would pay richly, were it not for the deficiency in the sup- 
ply of water. The company has heretofore freely permitted the inhab- 
itants in the grant to pan out gold for themselves, and they frequently 
obtain in this way six dollars per hand in one day. 

The old mill which was formerly here has been replaced by a new 
one, now nearly completed, which is situated on the side of a hill, and 
by a little brook which supplies water to the boiler of the steam en gine. 
The great diflculty which hes in the way of the successful working of 
these mines — a deficiency of water — Colonel Anderson hopes to be able 
to surmount, either by means of a ditch bringing water from the Pecus, 
or by sinking an artesian well. The mill contains forty 650-pound 
stamps, intended to drop eight inches seventy-five times per minute. 

The principal mines yet opened on the property are, in the order of 
their importance and date, the Ortiz and Brabm. 

It is high^ probable that there am other veins of auriferous an(i 
argentiferous quartz on the grant, but these two being the only mines 
as yet opened and worked, a glance at them must suffice. 

The Ortiz mine was discovered and opened by a Mexican, whose 
name it bears, nigh seventy years ago ; but the work haring been con- 
ducted in the shiftless, slovenly manner characteristic of the Mexicans, 
it was thought advisable by Dr. Steck, Colonel Anderson's predecessor, 
to sink another shaft some distance from the discovery shaft (which 
marks the center of the grant.) This new shaft is now two hundred 
feet deep, well cribbed and timbered, and supplied with the best of lad- 
ders. The country rock is a granitflj and the crevice is perhaps four 
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feet in average. An incline was begun by Dr. Stect, connecting the 
two sliaite, and was broken through recently under direction of the 
captain miner, Mr. McVhee, after whom the new shaft is named. 

The ore is composed of iron, copper and arsenical pyrites, galena and 
malachite. The pay streak is of good size, and the vein is what is called 
a chimney vein, — that is to'say, it widens out every twenty feet or so 
into a chimney, which " pinches up " again a little further on. 

There are quite a number of these chimneys connected together by 
narrow veins. This is a charEieteristie feature of this mine, and is con- 
sidered a very favorable sign. Iwould especially notice here the ad- 
mirable condition in which everything about the mine is kept. Though 
not yet extensive, the work which has been done reflects the greatest 
credit on the superintendent and the captaip of the mine. 

Altogether, about four thousand tons of ore have been taken out and 
piled near the mouth of the shaft, against the time when the mill 
shall be completed, and it can be transported thither for reduction. Its 
average assay value has been ©26 per ton, while an ounce of gold 
obtained by panning has often reached $19 50. 

Since Colonel Anderson's administration, $35, 000 have been expended 
on the mines and mill. 

The transportation from the mines to the mill will cost seventeen cents 
per ton. 

The Bralan lode. — This was discovered last April by a professional 
prospector of Sante F4, employed by the company, after whom it is 
named. The strike of the vein is northeast, and at the surfece the ^p 
is 750, but at a depth of thirty-eight feet it dips but 45° southeast. 
There are three shafts upon it, the discovery shatt being now forty feet 
deep. 

Some fine specimens of ore carrying native gold were obtained from 
the extension shaft. Between the discovery and extension shafts is the 
air shaft, from which the richest quartz has been obtained. 

Levels are being driven both ways, outwards from all these shafts. 

The following may be interesting, as giving an idea of the expense of 
working mmes on this scale in this country: Two engineers, at $90 per 
month ; four feeders, at $3 60 per day ; two amalgamators, at $5 per day ; 
forty miners, at $2 25 per day, (Mexicans ;) common laborers, at $45 per 
month ; chief mechanic and foreman of mill, at $205 per month ; one car- 
penter, at $5 per day; three carpenters, at S90 per month; two black- 
smiths, at $110 per month; captain miner, $180 per month. 

The true name of the old placer mining district is the Eeal Dolores, 
The new placer mines are situated on the north face of the Tuorto 
Mountains and should properly be called the Eeal de San Francisco. 
Some litigation has arisen between this company and the New Mexico 
Mining Company, on account of a dispute as to the boundary of the lat- 
ter's part. 

The nucleus of the San Lazaro Mountains is a granite, which exhy>it8 
itself in the mountain, to the north of tho settlement, in high ccmical 
peaks. To the south of the settlement is a mountain composed princi- 
pally 6f metamorphosed sandstone, which is everywhere intersected by 
trap dikes. 

Near the mill is an igneous conglomerate. This rock consists of a 
matrix of calcareous matter, in which are breccia of various rocks and 
large rounded masses of syenite. The boulders of syenite appear to be 
of singularly uniform size and are strewed oi^er the rock with remarka- 
ble symmetry and regularity. 
■ About three miles north of this settlement is a high hill at the north- 
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ern base of which occur several coal seams. Tlie nearest and most 
recently opened is a coal of fine quality, and, Uke all the coal observed 
along the flanks of the Eocky Monntams, breaks up into smaU pacallelo- 
pipeda or rectangular prisms. 

Kear the entrance to the southwest opening of this coal bed are two 
irregularly-shaped masses of carbonaceous clay and gypsum, which re- 
semble, at a superficial glance, small dikes. Neither of these appear to 
be continued above the i-oof or beneath the sole of the mine, though 
they appear on both sides. 

Another bed of coal was visited, near which was a large basaltic dike, 
the heat from which appears to have altered the former to a modern 
anthracite. This coal is harder, blacker, and more lustrous than that of 
other veins I have seen in the vicinity of the Eocky Mountains; nor does 
it exhibit that singular cleavage which characterizes these beds. 

Oi-es were given me from the San Dia Mountains, and mines which 
looked well, but proved by a quantitative analysis to contain very little 
silver. The ore was a quartz containing lumps and flakes of galena. 

Colonel Anderson gave me also a fine specimen of native copper, 
found in the bed of the creek, at a short distance above the Eeal Do- 
lores. , „ 

Quite fine-looking specular iron, hematite, and some small crystals ot 
spathic iron ore, were seen on the North Mountain, half a mUo or so from 
the Ortiz mine. Specimens of the former were obtained. 
TAOS, SEPTEMBEH 19. 

Twelve miles north from Taos, in the Arroyo Hondo, is a mill erected 
quite recently by the " Arroyo Hondo Mming and Ditch Company," 
under the superintendence of Mr. Stuart, of Taos, but not yet roofed 
over, nor in complete rmming order. There are twenty 430-poimd stamps 
constructed to drop thirty-five times per minute. 

The quartz of the ore is partly a ferruginous and reddish, partly a 
white mixture of quartz and mica. The red variety prospects the best, 
(" shows the best color.") On the road from the mill to the sliaft from 
which the company expects to derive most of its ore, is a lode which 
occurs in the granite and bears iron pyrites, green, and a little blue vitriol. 
A second opening has been made higher up the mountain into a deposit 
of reddish and whitish clay, which shows good color in the pan, but is too 
sticky to wash well in large quantities. The company is at present ex- 
ceedingly puzzled to know how to treat this material, and is considering 
the feasibiUty of baking it into bricks and then running it under the 
stamps, which in its present condition it would only clog. In any case 
these gentlemen hope that by sinking deeper they will strike a true 
crevice and good wall-rock. "Quien sabe!" 

A mile or two aronnd the edge of the mountain is situated the princi- 
pal mine of the companj', which is being opened by a shaft and tunnel, 
the former about twenty-flve feet in depth, and opening some two hua- 
dred feet above the tunnel, which latter has been driven already 180 fefet 
and will eventually intersect it. 

The dip at surface is 35°, more or less, strike about east and west. 
A level has been run in at the shaft mouth 65 feet, and drilling pros- 
pects well all the way in. The ore is the same as that mentioned in 
connection with the mill. 

SAN LUIS PARK, OCTOBER 1. 

In the course of a long day's march from the Sawatch to Homan's 
Creek, in Homan's Park, or the Eincon, we passed a region where a 
great number of hot springs boiled up. The first of these (and the larg- 
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est) covered a space of perhaps 600 square feet, and emittecl a vapor 
wMch could be seen for a long distance. 

Surrounding it was a marsh or swamp in which salts from the evap- 
oration were deposited. The temperature at the edges was perhaps 
110° to 120O Fahrenheit, and bubbles of gas rise in many places to the 
surface, and are eanaed by the weight of a person walking around the 
edges in the immediate vicinity of the soggy soil. Specimens of the 
salts, as they lie loosely Uke an efflorescence, and also of the same ma- 
terial in a harder form like California marble, (only not so variegated in 
color,) weje collected, but no opportunity offered to examine them. 

The surrounding country, and our road towards Homan's Creek, ia for 
miles covered with a white deposit caUeti by the natives "aJkali," sim- 
ply. Itgives the landscape the appearance of being covered withsnow. 
oiis "alkali" is probably composed of nitrate of potash, sulphate of 
lime, and perhaps other salts in smaller quantities, bnt has not been yet 
analyzed. The same deposit has been observed in the neighborhood 
of St. Train's Creek, and in the basaltic region below Trinidad on our 
route down to Santa Fe. 

MineraU observed in 2few Merko 

MINBRALS OP COMMEECIAL VALDT 

Iron pyrit^ copper pyrites.— Mostly auriferous. Widfly diatributed in veins over the 
flanks of the EocEy Mountains, in New Mexico, and m nimicroua lesser cliains of 
granitic and metamorpliic roclts. 

MalaoMte, gre«a vitriol, Uue vitrioL— PrincipaOy from d composition oi tlie above, 
wherever the ores have been exposed to weatberinff ^ idolv distributed m veins 
over the flanlia of the Eooky Mountains, in New Mexico, and m numerous lessor 
chains of granitic and metamorphie rocks. 

Zinoblende,— Often amentiferous. San Dia, &c. 

Galena.— Often ai^ntiferouB. Maxwell's, near Moro. 

Brittle silver. — Maxwell's, near Moro. 

Fahlerz.— Maxwell's, near Moro, 

SpecQlar iron ore,— Beal Dolores, near Orti?, mine. 

Red and brown hematite.— Widely di8tribute<l. Old Placer, &c. 

Magnetio pyrites.- New Plaeer. 

Coal.— Eaton Mountains, Maxwell's, Eeal Dolores, &c. 

Cemssite. — MaxweJl's. 

Anglesite. — Maxwell's. 

Nafive gold.— Arroyo Hondo, Morena, Bralim Lode, New Placer, &o. 

Native silver,— Maxwell's, 

Horn silver. — Maxwell's. 

Titanic iron ore.— Eeal Dolores, 

Smithsonite.— San Dia. 

Silver glance. — Morena, New and Old Placers. 

Light and dark ruhy silver. — Maxwell's. 

Spathic and mioaoeons iron oi-es.- Eeal Dolores. 

Turquoise; (3AlijOa.P05+5HO.)— Cerillos, between Santa le and the San Lazaro 
Monntains. 

CHARACTEMSTtC liniOLBAl,S. 

Qaartz.- Forms gaugue rook of most of the veins ; common, Agate, ohaloedon j-, and 
silioiSed wood ui the bed of the Galisteo. In the granites, gneisses, &c. 

Hydrated oxide of iron.— Occurs with the coal beds, and colors the rocks near exposed 
vems, &c. 

Opal.— Galisteo beds. „ , , , . ,..-.,. 

Feldspar,— Everywhere among the granitic rocks. Ortlioclases predommanfc. Oligo- 
olases also abundant. Albite is found near Moro. 

Labrador.— Basalt dikes, &c. 

Hornblende.— Syenites, some basalts. 

Potash and magnesian mica. — Gneisses ftnd granites, and in the greissen found near 

Leuoite.— Trachytio lavas near Fort Union. 
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Chlorite.— Diabaae, Eeal Dolores, San Luis. 

Ansite. — In the basalts aud cUorlte^. 

Calo-BpaT. — Very commou ; finely cryBtallizod in Eoal Dolores. 

Gypsum.— Beds near Sweetwater ; arlao occurs with coaL 

Anhydrite. 

Salt. — lu springs at Las Vegas and elsewhere. 

Heavy spar.- As gangue rock in many veins. 



A fine pseudomorph of maguetic iron ore, after the cubes of iron 
pyrites, was picked up near Santa P^, 

The fact that I could not visit the Morena mines, which are the most 
important in New Mexico, and the short time given for the preparation 
of this report, will, I hope, excuse its incompleteness, which a more, 
careful stndy of the specimens 1 have collected will in some measure 
remedy. 

COLOEADO TEEEITORY, SOUTH PARK, OCTOBEE 4. 

Visited the salt springs in this park. The whole country from the 
. hither side of the Trout Oreek Pass to some distance beyond the salt 
works is covered with the alkali before spoken of. A small creek 
flows northward, and in this creek the spring from which the salt is ob- 
tained discharges its water. It is collected in a box and conducted 
through a small channel to the buildings. These are two in number, 
the one in which the kettles ,are placed forming a long wing at the ex- 
tremity of the other. The works belong to Eawlins & Hall, and the 
business of salt boiling was begun by Mr. Eawlins in a small outbuild- 
ing, yet standing, in 1861. 

In the long wing are one hundred and sixteen large boiling kettles, 
and eight iron evaporating pans. 

The spring water is first run into the kettles and heated. When the 
water has acquired a high temperature, it is drawn off into the first of 
two large evaporating pans, {eleven by twenty-eight feet,) and allowed 
to evaporate. The sulphate of lime and other impurities are here sepa- 
rated from the brine, which is again drawn off into the remaining tanks. 
The finest grained salt is obtained from the second evaporating pan, 
which is eleven by nineteen feet. The six remaining pans are each five 
by nine feet. An analysis of the salt produced was made by A. Fenuell, 
of Cincinnati, with this result : 

Per oent. 

Sa.Cl. m 

CaO.SOjand other impurities 1 

Total 100 

The strength of the water is about one part by bulk of matter in solu- 
tion in nine parts of water, (I have this on the authority of Mr. Eawlins.) 
The company has expended over $50,000 on the works, and expects to 
commence permanent running immediately. When in fuU operation 
two tons of salt can be produced daily. 

Messrs. Rawlins & Hall are sinking an artesian well alongside of 
the long wing above referred to, by means of which they hope get a 
stronger brine, and also to save the expense of pumping into the kettles. 

Solar evaporating vats, similar to those in use at Salina, near Syracuse, 
New York, are also to be constructed shortly. 
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The company employs from six to fourteen men. The production of a 
ton of salt costs the company from $15 to 320, and they sell it for flx)m 
$60 to $100; the miners and smelters getting-it at the former price, both 
because they do not require it as pure as do the ranchmen, and also 
because their orders are invariably larger, 

EBMAEICS.— COLORADO. 

That which lias given Colorado such an unprecedented forward 
impetus in her internal development and growth, has undoubtedly been 
the discovery of gold and silver in the beds of her streams and In the 
recesses of her mountains. ■ A detailed history of these discoveries would 
be hardly in place here, especially as this has been pleasantly outlined 
by Mr. Hollieter in "The Mines of Colorado," but it is interesting to 
know that the steps toward the establishment of mills, shafts, and 
furnaces in the center of a but lately uncivilized country, have been the 
same as in California and elsewhere. 

The existence of the precious metals in the mountains was not arrived 
at by reasoning on the similarity of the !Roclty Mountains to other ore- 
bearing chains, nor even by concluding that if gold and silver were 
found in one part of their extent, they would be probably also in 
other parts ; but the rude hunter or ruder savage chanced upon a few 
shining grains, which excited the curiosity and cupidity of the dwellers 
in the States, and first one, and then two, and then more, girded up theii" 
loins for a jom-ney to th,e tempting wilderness, until the spark burst into 
a bla^, and hundreds of men from all classes of life were drawn together 
by the hope of enriching themselves with bags of gold. Many of these 
early gold-seekers fondly imagined that they had only to pick the gold 
up in the region within the shadow of the great Pike's Peak, and find- 
ing that, on the contrary, their employ men t was one inseparably connected 
with vicissitudes and uncertainties, they were discouraged and went 
back. 

Gulch or placer mining in gold countries precedes tlie more regular 
and legitimate operations as natui'allyas all crude undertakings precede 
the improvements they suggest. The first placer mining which promised 
to reward the undertakers or prospectors in Colorado Territory had its 
origin in Cherry Creek, in a mining settlement designated Auraria, and 
just opposite the present city of Denver. This was in 1858, 

By the laws which govern the distribution of eroded materials by the 
agency of water, the larger, coarser, and heavier particles are invariably 
found deposited nearer to, and the finer, lighter, and more impalpable 
wash farther from, the origin of the eroding force. Thus the drying 
powOT and heat of the sun, the oxidation of the atmosphere, and the 
eroding force of wind and water, tear off large and small masses of the 
mineral veins; gravity precipitates 'them, along with boulders of the 
country rock, into the creek and rivulet beds, and the water of iiiese 
streams grinds them up as in a mort-ar, and finally spreads them 6'ut in 
beds whose distance from the point of abrasion is inversely proportional 
to the weight of the individual particles. In this manner fine gold may 
be carried to an enormous distance from its parent vein, but the farther 
we recede from it the finer becomes the gold and the more diffused 
through the silicious mass, so that the difficulty of obtaining it is in- 
creased in two ways : first, there is much less gold, and second ; what there 
is is present in a much more finely divided state. To one unacquainted 
with the facts, this second difiiculty may appear not a real one; the spe- 
cific gravity of gold being the same whether the metal exists in large or 
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small particles, must render the sei)aratioii of the dust fcom the cotn- 
pmiioQ rock as easy as that of the nuggets. But esperienee shows that, 
regulate the supply of water aa nicely as he may, the mmer always 
loses a comparatively large percentage of this finely divided gold by its 
"floating off on the surface. This will be referred to again when the 
effect of the supply of water on the loss of gold from the tailings is 
spoken of. 

Where the topography of the country has been such as to cause an 
elbow in the stream catrying the debris, or where, from any cause, an 
eddy has been formed, and the diminished velocity of the water being 
insufficient to keep the larger rocks in motion and the coarser paiiicles 
in suspension, there have been deposited at' certain points little 
islands, as it were, of irregular hut generally more or less oval shape, 
the gulch miner finds his richest harvest- The discovery of such depos- 
its has often led to the erroneous belief that any part of the bed of the 
creek vdW produce equal treasure if the water be but diverted from its 
channel, and the construction of flum^ or artificial channels in places 
where arcumstances"were not favorable to a deposition of the precions 
metals has, in several instances, involved the misguided projectors in 
useless expenditure and great waste of time and labor. 

The creeks springing from that part of the range opposite and nearest 
to this first settlement were the first to be prospected, and, in the main, 
more than fulfilled the expectations which had been formed of them. 
The statistics iu regard to gulch milling are necessarily harder to obtain 
than those of lode mining, for ia the first place the operations are con- 
ducted by one or two men at innumerable points in various creeks 
and streams remote from the miners' setUemente, and secondly the 
independent conductors of this system of mining have a natural reluc- 
tance to stating the true amount of their earnings, from the fear that 
other parties may be led to their vicinity aiid thus reduce their gains. 

Statistics of that kind of placer mining which is carried on away from 
the beds of the streams and upon the more or leas decomposed outcrop 
of a lode, by means of water flumed from some liigher level of the creek, 
are easier to get at and appear to be better known. I append a fe* facts 
drawn from Mr. Hollistar's book, page 66. 

Zeigler, Spain & Co. ran n duiee three weeks on the Gregory, and oleaned up three 
thmisaud pennyweighta, their highest day's worlc being |495, and their lowest $21. 
Sopris, HenderBon & Co. took out g60J in four days. SpeaiB & Co., two days, 8S53, ail 
tateu from within three feet of the surface. John H. Grregory, five days, |943 ; Cfwto, 
Kendall & Co., one day, $325; De&ees &■ Co., twelve days, one sluice, S2,080; Leper, 
Gridley & Co., one day, three sluices, $1,009. 

At the present time there are jwrhaps twenty ptants on Clear Creek, 
between Idaho and Golden City, where the wheels and sluices of the 
gulch miners are standing, but scarcely more than one-half of ttiem are 
really in operation. A few such works are to be found in all the creeks 
issuing from the range, bnt their share in the annnal production of gold 
in the Territory is but insignificant, and their value has diminished, as 
isalwaysthecase with this kind of mining. "While"no one has ever 
yet seen the lower edge of a vein," a little labor wUl bring one to tlie bot- 
tom of a placer mine, which is formed by the wash of a few fragments 
carried from the out-crops of the veins by the rains. 

It has already been stated that the valuable ores are found in a broad. 
belt running along the range north and south. Gold, silver, copper, 
lead, and zinc are found abundantly in the gi"anitic and metamorphie 
rocks, which form the true back-bone of the Cordilleras, and coal in the 
outlying and more recent foot-hills. 
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There appear to be two series of veins in this great mineral telt, oc- 
CBiTing at least along the eastern slope of the Eocky Mountains ; the 
larger, and apparently elder, having a general north and south strike, 
and proving in most cases barren,* and the smaller and more recent, 
comprising by far the greater number of the gold and silver leads, and 
extending down the range as far as 1 had an opportunity of observing 
it in New Mexico, striking generally about northeast and southwest. 

It would be difficult to define sharply the direction or extent of this 
great mineral belt, though various writers on Colorado have indulged m 
fine generalizations on the subject. The fact appears to be that circum- 
stances have been more favorable to the existence of mineral veins in 
some rocks than in otBers, and that whatever may have been the great 
geological causes which brought these rocks into being^ where the con- 
ditions are not totally different, indications of the precious metals may 
be expected wherever they occur. The eastern boundary of this belt is 
In general terms the eastern boundary of the gneissie and granitic rocks 
of the itocky Mountains, bat in almost every instance where outliers of 
these same rocks occur, investigation has proved the existence of min- 
eral veins : (e. 3., Pike's Peak, which lies 150 miles east of the main chaid 
of the Eocky Mountains, tbe San Lazaro Mountains, the Cerillos, m 
the valley of the Gallisteo,&e.) . , ^, ^ T,r <■ 

The first lode was discovered m Colorado by John Gregory, May 0, 
1869 on claim No. 5, of what is yet called the " Gregory lode," near 
Central City. The history of that discovery is very interesting, as an 
iUustration of what energy and perseverance, guided by sound common 
sense, may accomplish for a man. , . . 

Gregory worked this lode at first, of course, with a sluice, and got out 
$972 from the disintegrated surfiice. The news spread rapidly, and the 
country was soon swarming with prospectors and miners, and many 
other lodes were immediately discovered and worked. This was the 
celebi-ated Pike's Peak gold fever, from which the growth of this Terri- 
tory dates. In almost every case the mines passed into the hands of 
different parties, as the getting out and treatment of the ore became 
more difficult &om the growing scarcity of the decomposed surface ore, 
until at last matters were brought to a stand-stiU by the resistance 
offered by the sulphnrets associated below with the gold to the process of 
amalgamation then in vogue. This behavior, which would have been 
foreseen by more experienced miners, seems to have astonished and dis- 
pirited them, and an exodus from the region was the result, which has 
been repeated at various times since, whenever new obstacles were to be 
suimounted. But whUe this has retarded the unnaturally rapid develop- 
ment of the Territory, there is no doubt that the occurrence of these sul- 
phnrets and tbe workmg of them will, in the end, prove a blessing t» 
Colorado, by giving employment to more persons, and thus hastenmg 
the maturity of this commonwealth. _ , 

The counties of Colorado in which as yet the principal mining opera- 
tions have been conducted, are, in the order of their present importance : 
Gilpin, Clear Creek, Park, Summit, Lake, and Boulder. 

To enumerate all the lodes which have been discovered, or even those 
that have been partially wrought, would be foreign to the purpose of 
this report, and a work of immense labor ; nor would such a catalogue 
serve the statistician as much as might at first appear, for the object of 
all these incipient undertakings having been to realize the greatest pos- 

* An exception to this general rule ii 
north of Central Citjr. Ttis vein belo 
tteless rich and proiitable. 
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eible amount of gold in the mininmrn time, and the various enterprises 
in any neighborhood having been conducted independently of each 
other, by parties whose interests were never the same and often conflict- 
ing, no pains have been taken to settle qnestions which did not concern 
the values of tlie ores obtained ; but, on the contrary, it has not uufre- 
qnently happened that investigations of the exact positions and extent 
of the veins were opposed to the interests of one of the parties, which 
thus might be proved to be working somebody else's claim. 

To explain this state of things, it will be necessary to state that by a 
law of Colorado {see act concerning lode claims) it is provided that — 

Sec. 5. Any person or persons engagecl in working a tunupl within the provisions of 
this act shall he entitled to 250 feet each way ftom said tunnel, on each lode so dis- 
covered, provided they do not interfere with any vested rights. If it shall appear that 
claims have been staked off and recorded prior to the record of said tunnel on the line 
thereof, so that the required nnmber of feet cannot be taken near said tunnel, they 
may be taken upon any part thereof when the same may be found vacant, and persona 
working said tunnel eluill have the right of way through aJI lodes which may lie in 

Sec. 7. That when two crevioes are discovered at a distance flrom each other, and 
known by difierent najnes, and it shaJl appear that the two are one and the same lode, 
the persons having recorded on the first discovered lode shall be the legal owners. 

Sec. 8. That to determine when the two lodes aie one and the same, it shall be ne- 
" cessary for the person claiming that the two are the same lode to sink shafts at no 
greater distance than fifty feet apart, and finding a crevice in each shaft, and forming 
a continuous line of shafts flrom one lode to the other shall be conclusive evidence that 
the two are one and the same lode. 

It wiU be evident from this that when two parties are working on 
what is suspected of being one and the same claim, those who have 
recorded last will be in no hnrry to settle the question tor the sake of 
the statistics, and that as it costs time and money to sink shafts lifty 
'feet apart to well-defined walls, over a distance of three hundred feet, 
(the legal extent of a discovery claim in each direction from the shaft,) 
it is not always that these comparatively recently opened lodes are 
thoroughly known. 

In ray very restricted report of the mines of Colorado, such examples 
have been selected as present mining here in its best phase ; or rather, of 
the best mines in the regions I visited, such have been selected as I 
could personally visit and examine. Much of interest in the details of 
mining here has been necessarily omitt«d, but I hope that what informa- 
tion I have been enabled to obtain in the limited time at my disposal 
may not be without value, though submitted without attempt at arrange- 
ment, and in the form in which the notes were taken in the field. 

Many knotly questions have presented themselves to the miners and 
smelters, among which, perhaps, the knottiest is the dressing of the 
second-class ores and the proper form to which to bring the tailings 
before they are ready for the amalgaoiator or smelter. It is believed 
by many able miners, and the complaint is fe-equently made, that by the 
use of wet stamps and careless feeding^ the mill-men waste unnecessa- 
rily a great deal of gold, and from this it is argued frequently, with legs- 
justice, that the use of wet stamps is pernicious and wastefiil. This is 
going too fir, though it is true that in the treatment of the ores aronnd 
Central City and elsewhere, the greatest care and attention are abso- 
lutely necessary to prevent great needless loss. Less ore put through 
the mills, with correspondingly greater care in its treatment, would 
probably be the best remedy, and this plan would very likely produce 
the owners as much gold as they get at present, and leave them so 
much the more in the mine to work. 

In conclusion I would sum up the impressions I have received from 
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the tour as follows: That the valuable ores abound almost everywhere 
in the granite and gneiss of the Eocky MonntainSj and the economic 
qnestiou is not to find the material, but the capital and labor with 
■which to work. That the country over which these investigations were 
made is replete with those minerals which by their decomposition are 
found by experience to most enrich the soil, as it is with the before-men- 
tioned minerals of commercial value. 

That the climate is healthful and delightful, the country weU sup- 
plied with water, which breaks from its rocky reservoir, with few excep- 
tions, at distances of from ten to fifteen miles, all along the base of the 
mountains ; the communication with the East and West is becoming daily 
more easy, and the savages of the plains and those whose headquarters 
used to be the gambling hells and drinhing saloons are well nigh ban- 
ished from this favored domain. 

That the land is being tilled and prepared to support the large popu- 
lation which must soon settle here, and everything smiles on that man 
who brings to the country intelligence and a pair of willing hands. 

What stands in the way of the country's progress are the greedy 
speculators who wish to use Colorado and New Mexico as mills for 
turning money into their pockets, regardless of the interests of the 
growing community. The system of grants, also, which gives to one 
man or one company a tract of country much larger than any one indi- 
viduid or small corporate body can possibly properly improve, cannot 
fail to exercise a baneful influence on the prosperity of such a country, 
by keeping back the tide of hardy, and industrious settlers who would 
othenvise pre-empt and settle up the land. And wherever such a grant 
exists, a .backward condition of the country may be expected. To a 
certain extent this disregard of the interests of these two sister Territories 
may be observed in the manner in which certain mines have been worked. 
These mines have been hacked to pieces to produce ore, and the ore has 
been rushed through the mill to produce gold. Nothing seemed to have 
a claim to the consideration of such owners but the most rapid method of 
reaUsmg,ia order that the shortestpossible time might uiterv'ene before, 
their fortunes made, they could quit the Territory and enjoy them else- 
where. In this way, valuable mines have been ruined, and thousands of 
dollars of the Territory's gold thrown away. It were easier to detect this 
fault than to suggest the remedy ; but the remedy will present itself, when 
Colorado and New Mexico shall be filled with citizens determined to 
own and occupy them, and shall have slipped entirely &om the gi'asp 
of those who wish merely to hire and use them. The observation above,in 
regard to the remedy for the present losses in dressing tailings, has been 
made by severfd persons, and it has been added that even a smaller 
profit from more thoroughly and carefully worked ore would in reality 
pay the owners better, give a more healthy tone to mining, advance it 
as an art, and spare millions of dollars in the end. While the adjust- 
ment of such compUcated questions as these is one which must tiwait 
the lapse of time and the course of events, it would be well for inter- 
ested parties to consider in what way to manage their property out here 
so as to assure themselves against present possible loss, and of future 
increase in its value. To do this without radiating prosperity on all 
around them, and building up the wealth and power of the country, is 
a problem which will tax their abilities to the utmost, however ^-eat 
those abilities may be. 
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AGEICULTUEE OF COLOEADO. 



DEAR SlE : Having teen directed by you, in addition to my other 
duties, to collect such informatiou as I could in regard to the agricul- 
ture of those portions of Colorado and New Mexico through which your 
expedition should pass, I have the houorto report to you that I have per- 
formed this duty to the best of my ability and opportunities. And here- 
with I present a partial report of my investigations, being unable to pre- 
sent even a complete or full preliminary report, for want of statistics, 
which I cannot obtain in the field, where this is written ; and, also, be- 
cause I have not yet received answers to some of the most important in- 
quiries I have sent out to some of the best inlormed citizens of these Terri- 
tories. I hope to be able, shortly, to present you a much fuller and more 
satisfactory report on this very important subject. I trust that even the 
imperfect and partial report herewith presented will be sufficient to fully 
justift' the interest you have taken in the development of the agricultu- 
ral resources of the Great West. , ^ . 

Although the chief object of your expedition may be to determme 
the geological features of these regions, and thus increase the store of 
scientific facta by which the great problems of nature may be solved, 
yet the economic value of these investigations will be shown in the in- 
creased impetus they give to the development of the agricultural and 
mineral resources of the country. ^ ,. ^ ^, u i 

Our line of travel having been along the eastern flank or the Hocfcy 
Mountain range, from north to south, my personal examinations have 
necessarily been confined to the margin of the arable lands of these 
territories. And as we were constantiy moving, seldom remaining at 
any one point more than a day or two, I have been compelled to rely 
upon the statements of residents for much of my information in regard 
to the cUmate, seasons, crops, &c., &c But I have endeavored to con- 
sult the best sources of information. Two circumstances have very 
much favored my efforts : „,..,. j- x- i, 4.,, 

First. The proper appreciation of your efeorts m this direction by the 
citizens, and their willinguess to furnish all the hiformation and aid in 
their power to facihtate the matter. 

Second. The fiict that the passage of your expedition through the 
country happened to be made dmiug harvest, and in one of the most 
favorable seasons, for agriculture, that has been experienced m these 
Territories for many years. This enabled me to make a partial compari- 
son of the statements received from others, in regard to the j-ield aiid 
quality of the crops, with my own observations on these points, thus 
testing the accuracy of these statements. I am gladto inform you, that 
so far as I have been able to make this test, it has confirmed the reports 
which I have received from others, showing them to be reliable. 
Trusting this may prove satisfactory, I remain yours, truly, 

CxitUiS iJiUMAo. 
Dr. F. T. Haydbn, 

United States Oeologist. 
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Situated between 37° and 41° of ngrth latitude, and 102o and 109o of 
west longitude, Colorado Territory extends east and west about three 
hnndred and ninety miles, and north and south about two hundred and 
seventy-five miles, forming a rectangle containing an area of 10B,500 
square miles, or 68,144,000 acre^. Beaching from near the middle of 
the great trans-Mississippi plain up the mountain slope, it laps over the 
summit of the great divide and rests its western border on the Colorado 
basin. And including, as it does, within its bounds the great system of 
mountain parks, and the sources of the four great rivers, the Rio Grande 
del Norte, the Eio Colorado, the Arkansas, and South Platte, it has 
been appropriately termed " The Gem of the Mountains." And, like 
Switzerland in Europe, it may be said to be unique in its geographical 



Of the large area contained within its boundary lines, about four- 
sevenths are embraced in the true mountain region, whose snowy sum- 
mits form the watershed of the continent. Theremaming thi-ee-sevenths, 
situated, chiefly, east of 105° of west longitude, and extending the whole 
length of the Territory north and south, consist, in great part, of broad 
plains furrowed by shallow valleys, widening and fading away as they 
extend eastward j and, with the exception of the parks and some valleys 
of the mountains, contain all the arable lands of the Territory. 

But since much of this latter portion, lying along the eastern bound- 
ary, is devoid of water, excepting the few streams which traverse it, 
the agricultural population has, as yet, been confined within a compara- 
tively narrow strip along the eastern slope of the mountains. 

In order to obtain a more correct and minute idea of the geographical 
position and extent of that portion of the Territory which is susceptible 
of cultivation, it will be necessary to consider it in separate district. 
And we are not left, in this, to mark out arbitrary lines, for nature has 
fixed prominent lines and permanent boundaries to each. Water is the 
great desideratum in the agricultural development of this countiy, and 
the method of its distribution we shaU find is the true key to the agri- 
cultural system of the Territory, and its turning sheds the boundaries of 



Beginumg at the northern part., we find the South Platte River is the 
outlet for all the water of this section which flows towards the Atlantic. 
Moving up this stream from its point of exit, near the northeast comer 
of the Territoiy, it will be seen that after crossing the 104° of west 
longitude it branches rapidly into its numerous tributaries. The portion 
of country drained by these numerous minor streams is bounded on the 
west by the eastern slope of the Eocky Mountains, and on the south by 
a high, broken, iiTcguIar ridge called the Divide, which, starting fi-om 
the base of the mountains opposite South Park, runs eastward until lost 
iu the plaius. This constitutes the northern agricultural division, which, 
for convenience, I shall name the Denver district. 

This Divide separates the waters of South Platte from those of the 
Arkansas, and forms the northern boundary of the second district, which 
is the area lying between it and the Eaton Moimtains. This divi'sion, 
which may be appropriately named the Arkansas district, is drained by 
the Arkansas and its tributaries. These two districts contain most of 
the tillable land of the Territory lying east of the mountains. 

1 may as well remark here, that in my use of the terms " tillable," 
" arable," " susceptible of cultivation," &e., I do not intend thereby to 
exclude the idea of the future possibility of cultivating other sections, 
but simply intend to express the fact, that those sections, so termed, are 
now sufQciently supplied with water for farming purposes. 
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The thirt! aistrict, which is tlie San Luis Park, belongs both to New 
Mexico aod Colorado, aod caimot be divided into parts corresponding 
■with the arbitrary line of division between these two Territories. 

The fourth division I shall make is not a separate district, as each of 
the others, bat includes the other parks and the small amount of arable 
land in the mountain ™ileys, which, on account of the proximity of some 
of them to the mining distiicts, become important, notwithstanding their 
small extent. This may be called the mountain district. 

It mil he seen that each of these three natural districts has its great 
river by which it is drained ; the Denver district finding an outlet for 
its waters through the South Platte; the Arkansas district through the 
Arkansas Eiver; the San Luis Park through the Eio Grande. And as 
we descend to the examination of the more minute divisions of these 
larger districts, we must follow the natural arrangement of streams and 
valleys. 

THE DEKVEE DISTEICT. 

This district is natiii'ally divided into two sections; the first includ- 
ing the territorynortb of the South Platte and between it audthemoun- 
■ tains; the second, the territory between the Platte and the Divide. 

As the first section presents more definitely and sharply the peculiar 
features of this country which bear upon its agriculture than any other 
portion, I will give a somewhat minute description of it. 

The Platte, leaving the mountains some twenty miles southwest of 
Denver, after bearing out a short distance on the plains, runs northeast, 
slightly diverging from a parallel course with the east range of mountains, 
for a distance of about eighty miles, where it is joined by tlie Cache S, Ja 
Poudre, and then turns eastward ; thus giving the section a triiingular 
shape, with the north side of the Cache i la Poudre valley as its base, 
the mountains for one side, and the Platte the other. Its general sur- 
face is a broad plain sloping ftom the mountain flank eastward to the 
river level with valley furrows, and rounded, low ridges traversing it 
from west to east. 

The various streams which take their rise in the mountains east of 
the great Divide, between the waters of the Atlantic and Pacific, run 
nearly an eastern course until they unite mth the Platte. 

The first debris, and all the heavier materials, brought down from the 
mountains since their upheaval, have, as a matter of course, been depos- 
ited near the base. Hence as we recede from the mountains toward the 
east, this local drift decreases in the size of its particles and depth of 
deposit. Over this is deposited the alluvial stratum forming the soil, 
which, close to the base of the mountain, but thinly covers the 
boulder drift, but increases in thickness eastward. The creeks rush- 
ing down more rapidly near the mountains, cut deeper furrows through 
this deposit near the base than at a distance from it. In consequence 
of this, the terraces or ridges, which lie between the streams, are higher 
above the water near the mountains, decreasing as they recede from it; 
that is, tbe distance between the water level of a stream and the top of 
the terrace which flanks its valley is more, half a mile from the foot 
of the mountain than it is ten miles from the foot. This fact m other 
parts of our country might have very little bearing upon agriculture, 
but it is a consideration of vital importance to the Colorado farmer, who 
must irrigate his land or receive but little return for his labor ; for when- 
ever this is the case it is evident that at some point, the water can be 
carried to the top of the bordering terrace. 
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The portion of country north of the Cache k la Poudre valley, although 
affording good pasturage for cattle and sheep; is not generally inoluded 
in the estimate of arable land, on account of its lack of irrigating facili- 
ties. Tet the Box Elder "Valley is quite fertile, and -will afford room for 
a considerable number of good farms, and the creek, though small, is 
probably snfficient to irrigate the red bottom of the valley. 

Commencing with the Cache a la Poudre, as the northern limit of the 
section, which is some seventy miles north of Denver, and proceeding 
south, I wOl describe briefly the valleys according to the streams which 
■wat«r them. This stream, from the point where it issues from the 
mountains, near laporte, to its junction with the Platte, a distance of 
thirty-five miles, runs through a very pretty fertile valley, which aver- 
a-ges, perhaps, two miles or more in vdAth, being narrow near the moun- 
tains and expanding as it recedes from them. The bottom land of the 
valley is flanked on the north side by a rolling irregulai- ridge, and on 
the south side by a somewhat level terrace of moderate elevation. The 
stream, at Laporte^ is about twenty-five yards in width, clear and rapid, 
aftbrding a sufleient supply of water and ample descent for irrigating 
the bottoms and ridges or terraces which border it. 

The next stream, going south, is the Big Thompson, which inns east- 
ward nearly thirty miles, and also empties into the South Platte. This 
stream, and the valley it waters, are very similar in all respects to that 
of Cache ila Poudre. The third, is the Little Thompson, a tributary of 
the Big Thompson, but, as this creek is liable to fail m its supply of 
water during the summer and autumn, it cannot be relied upon tbr irri- 
gation. Tet its valley affords excellent pasturage for cattle and sheep, 
and will furnish a most excellent range for stock when the neighboring 
valleys become thickly settled and fenced np. Still moving south, the 
next stream we cross is the St. Yrain, about equal m its vohune of water 
to the Big Thompson. It runs through a very fertile valley of varied 
■width, reaching tbe Platte at a distance of about twenty-five miles Irom 
where it leaves the mountains. The bay-like widenings of this valley 
afford room for extensive farms, of which the settlers are rapidly avail- 
ing themselves. Left Hand Creek, a tributary of St. Train, affords a 
small valley eleven miles in length. Boulder Creek, the next in order, 
issues from the mountains near Boulder City, and, after running some- 
what northeast for eighteen miles, unites with the St. Vrain. Some of 
the finest farming and grazing lands north of Denver are fonnd along 
this stream. At its debouchure from the mountain gorge are gathered 
heavy deposits of boulders and pebbles, from which, doubtless, the 
creek and city have received their names. Although these deposits are 
but scantily covered with soil, yet the fertility seems to be but sUghtly 
impaired thereby, as is shown by the fact that here is a thi-ifty growth 
of willow and cottonwood. 

The bottom of this valley, like that of St. Vrain, widens out at points 
to a considerable extent. Continuing our course southward with the 
snow-covered peaks rising above the rocky wall to our right, w6.TUext 
arrive at South Boulder Creek, which, leaving the mountains near Mar- 
shall's coal mine, runs a circuit of some eight miles and unites with 
Boulder Creek. Here, I may justly say, is found the link that unites 
the agriculture of the plains with the mining of the mountains, the two 
great interests of Colorado. 

Standing on the grass-covered bluff overlooking this little hmped 
stream, the eye, as it shoots out its glance north, and east over tlie 
plains, wearies itself in attempting to mark tlie boundary of vision. 
The valleys over which we have passed in our journey southward, 
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like dim lines, are traced across the broad meadowy expanse. Rounded, 
ridf^es, level sarface terraces, straight foot hills, with green swarded 
escarpments and isolated buttes fill tip the onthne. Smkmg into the 
bluff on which we have been standing, we pass alternating strata of 
coal and iron ore. Here they quietly rest, rich, thick, and abundimf^ 
the fiiel and the metal. The one to convert the other into instruments 
to tilt the soil, to harvest the grain, to thresh and gamer it, toconvert 
it into food, to make the highway of transportation, and carry it to the 
miners of the mountains and the snow-bound dwellers in the far north. 
Such a combination is seldom seen. And, though not directly embraced 
in the object of this report, yet I feel justified in alluding to it, for the 
reason that the opening and development of these mines are mtimately 
connected with the agricultural development of the comitry. The ag- 
ricultural instruments now in use are brought from the States at an 
expense of transportation equal to then- original cost. This need not be 
so ■ Colorado has her coal, her iron, and, in part, lier timber. It only 
needs to be developed and applied to that purpose for which nature has 
so bountifully provided it. . 

Descending &om our elevated position, and continuing our course 
soutkward, after passing some minor streams, we reach Coal Creek, also 
a tributary of Boulder Oreek. But this is not an unfailing stream, and 
although some farms are found along its valley, yet it cannot be de- 
pended upon for irrigating purposes. Clear Creek, which passes withm 
four miles of Denver, gives a valley of eighteen miles before it empties 
into tlie South Platte. It is ab^dy Uned with well cultivated farms and 
comfortable houses, from which the Denver market is in part supplied. 
with grain, vegetables, and meat. Finally, in our course southwai'd, we 
reach Bear Creek, the last of the series of these transverse streams, which, 
after a short run of nine or ten miles from the mountams, pours its 
waters into South Platte. A short distance below this we arrive at the 
apex of the triangle before described, which contains, including the 
Platte Valley, about 800,000 acres of land. Of this amount about one- 
third is bottom land, the remainder forming the ridges and terraces 
which lie between the valleys. The greater i>ortion of this entire tn- 
aneular section is susceptible of cultivation, and the remainder well 
adapted to grazing purposes. The bottoms along these creeks vary 
from half a mile to four or five miles in width, givmg, perhaps, an aver- 
age width of two or two and a half miles. Between these valleys are 
the more elevated portions, forming, sometimes, rounded ridges, at 
others, regular terraces or benches, or rolling, gradually descending 
prairies, but seldom rising into abrupt hills; the wholeface of the 
country being richly carpeted with nutritious grasses. These ridges, 
which border the valleys, vary in theif elevation above the water level 
of the creeks from a few feet, ont on the plains, to forty and fifty feet 
near the base of the mountain, and, with few exceptions, are in reach 
of water sufficient for irrigation. ^ x ' 

The valley of the South Platte is undoubtedly the most important, ex- 
tensive, and fertile ^rip of tillable land in the northern portion of the 
Territory. But the descent being less in this river than in the smaller 
streams we have been describing, ditching, for irrigation, is more expen- 
sive Yet it is rapidly filling up with an enterprising fanning popula-^ 
tiouj and is being brought under an intelligent and profitable system at 
cultivation. 
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SOUTHEEN SECTION OP DENVER DISTIUCT. 

Passing across the Platte, going soutli, we enterupon a section whero 
a considerable change of scenery is at once apparent, and where the 
geographical arrangement is entirely different from that we saw north 
of the river. There we saw a regular snccession of cool, limpid streams 
mshlug down from the Kocky Mountain gorges, furrowing their way 
tlurough the plains eastward to the Platte, the great central artery of 
the district. Here we find an irregular arrangement of long, slender 
streams, arising chiefly within the space of fof ty miles along the north- 
em slope of the Divide. Carrying their volumes of water down this 
descent, they enter upon the broad, comparatively level, and somewliat 
sandy plains, and receiving hut few tributaries, they struggle against 
tlie rapid absorption of the porous soil, growing feebler and feebler, till 
finally, in the dry season, they ai-e lost, without reaching the Platta 
Plum Creek, which lies next the mountains, is perhaps the only exception. 
It follows, then, that the tillable part of this section is confined to the 
valleys along the upper portions of these streams. There is also a 
marked difference between the, valleys of these streams and those north, 
in this : while the latter ia most cases have bottoms of greater or less 
width on both sides, which are Hanked by terraces with graceful, grassy 
escarpments, the streams south, cutting through the deep sandy deposit, 
^nerally have on one or the other side steep, bluffy banks of crumbling 
sand, reaching the surface of the second bottom. And even the bottom s 
which do boraer these streams very often appear to be irregular flats, 
scooped out of the higher land which once pressed close on the central 
channel. But these flats, where they can receive sufficient water, are 
exceedingly rich and productive, yielding some of the heaviest crops of 
the Territory. 

In regard to the vaiious valleys of this section, and the extent to 
which they can he cultivated, I can at this time give but an approximate 
estimate. 

Beginning at the base of the mountains, and moving eastward along 
the northern slopeof tlie Dividejihe first stream we reach is Plum Creek, 
which has two branches, Bast Plum Creek and West Plum Creek, the 
one flowing from the mountains, the other &om the Divide. This has a 
run of some twenty-five miles before reaching the Platte. It fnmiahes 
water most of this distance, and has some fiiie bottom lands oii it, a 
good part of which is already under cultivation or occupied. 

The next stream in our course eastward is Cherry Creek, which has 
quite a uumber of small affluents entering into it from the rounded hills 
on each side. Prom its source to its mouth ia a distance of some forty- 
five or fifty miles, affording water for irrigation the greater part of its 
length, but i^Ting up near its terminus at the city of Denver. This 
valley is quite fertile, and tolerably well settled at the more attractive 
points. . 

The other creeks succeed each other in the following order: Ennning 
Creek, Kiowa, Wolf, and Bijou ; in regai'd to which I have received but 
little information. They generally dry up on the plains during the sum- 
mer and fall, affordiug water for irrigation from twenty to thirty miles 
from their sources. Their valleys are as yet but sparsely settled. On 
the immediate sloi>e of the Divide, in the bottoms which flank these 
streams, irrigation is generally unnecessary, as a sufficient amount of 
rain falls to suijply the crops with the necessary amount of moisture to 
mature them. 
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TLe soil throngtioiit this district presents great uniformity in quality, 
as is clearly shown by the striking similarity of tlie plants of its differ- 
ent parts. It is eliiefly a light loam, in which the sUieious and micaceous 
ingredients predominate. Yet there is a considerable difference between 
the two sectionB in one respect: while in the northern the, particles ai'e 
coarse and sharp, in the southern they are fine and rounded, and the 
arenaceous portion bears a larger ratio to the whole. 

But to form a correct idea of this soU, especially in the northern sec- 
tion of the district, it must be remembered that the streams, in passing 
from the snow-clad crests of the vast range of mountains to the broad 
prairies of Hie plains, sweep over the upheavetl margins of the entire 
geological series represented in this region, jind as they rush down the 
mountain gorges, and along the rocky canons, they bear away with 
them the debris from all the strata they touch, from the primary granite 
to the most recent tertiary representative, mingling it together and scat- 
tering it over the plains they cross ; not only the confined streams of 
the present era, but all the waters which Lave swept the mountain 
slope since it was lifted up by the vast subterranean force by wliich tiiey 
were foi-med. The atmospheric currents driving to and fro the lighter 
and dry particles on the surface, have assisted in the mingling process. 
This combination of the various mineral elements gives to the soil an 
adaptability to a large variety of plants. The predominance of siUeions 
matter renders it peculiarly adapted to the growth of wheat and oats, and 
the addition of decayed vegetable materials causes it to produce heavy 
crops of succulent and bulbous vegetables. 

It varies considerably in depth ; near the foot of the mountains, where 
the water traveled more rapidly, it has covered the boulders and gravels 
■with a thin crust, while ferther down on the plains it grows thicker as 
■we recede from the mountains. Although the bottoms along the creeks 
contain a greater proportion of decayed vegetable matter than the ter- 
races and ridges, yet the latter are equally rich in the primary elements, 
and by a sufficient supply of water, wiU produce the cereals as heavily 
as the former. And, as on these terraces vegetation ripens some eight 
or ten days earlier than on the bottoms, they possess this advantage. 

In the southern section the case is somewhat different, the Divide 
beiag largely composed of loose conglomerate of well-worn pai"ticles ; 
when the-se Eire carried down by the more slowly running water, they 
become more finely comminuted and worn, forming beavier beds, of sand 
nearer the 'base. In consequence of this fact the water sinks much 
sooner than in the northern section. This deeper deposit of sand is 
often very apparent along the margins of the sta'cams. where tUey have 
cut away the banks. 

OLIMAXB. 

This strip of country lying longitudinally north and south along the 
east flanlis of the mountain, the temperature necessarily vaiies as the 
points recede from each other. And as we descend, from, the higJiCB-por- 
tions along the base of the moimtsun to, the valleys of the plains, the 
isothermal lines bend considerably northward.. But the average tem- 
perature of the northern section may be compared, with that along the 
eastern slope of the Alleghenies,, iu Pennsylvania,, with which it very 
nearly corresponds. The altitude varying from three to seven thousand 
feet above the level of the sea, and &e line of perpetual snow not fei- 
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distant, tiie atmosphere is salubrious and remarkably free from mias- 
matic vapors and impurities. And as we proceed southward, altLongh 
there is a gradual increase in the average warmth, yet it is partially 
compensated by strong hreezes which stir the air during the warmer 
season. In the summer the heat, it is true, is often somewhat intense, 
especially in the valleys where the air is partially confined. But on the 
higher grounds the breezes descending from the mountains render it 
more pleasant. The air rarifled on the plains rises, while another por- 
tion, cooled by the snows of the mountains, sweeps down the slopes and 
brings with it a refreshing coolness. 

Snow generally begins to fall in October, and ceases in April, or about 
the first of May, in Sie latitude of Denver ; but, as a matter of course, 
beginning later and ceasing earlier in the southern districts. 

Although it sometimes, though rarely, reaches a depth of twelve or 
fourteen inches, yet it passes off almost as rapidly as it comes, seldom 
romaining longer than twenty-four hours. Even in the valleys which 
penetrate the iirst range of mountaius iu the northern section, this is 
also the ease. Some winters but little snow falls during the entire season. 
As concluBive evidence of this statement, cattle are herded out daring 
the entire wintei- in all parts of the Territory, such a thing as prepara- 
tion for winter-feeding being almost wholly unlmown. And yet in the 
spring they will come out in as good order as those of the States which 
have been housed and fed day by day. The Mexican horses or bronchos 
will also winter out during the season, like the cattle. 

The troublesome factor in the great problem of the development of 
the agricultural capacity of the vast western plains is the suiiply of 
water. Furnish this, and the fertile prairies and valleys east of the Mis- 
sissippi will soon find a strong rival contending with them in the grain 
marts of the world for precedence. Furnish this, and the " Great Amer- 
ican Desert "of old geographers will soon become one mighty field of 
flowing grain. Furnish this, and the few other minor impeding factors 
will soon be eliminated. The streams rushing down from the mountains 
slacken their course on the level plains where the ^-eat battle between 
moisture and aridity begins. Is there any power in the human grasp 
to assist nature in this struggle, and turn the scale in her fevorl 

Before attempting to give a direct answer to this question, I will state 
some facts connected with this matter, and then advance a theory, 
which, if correct, is of great importance in developing the agricultural 
capacity of this country. 

When we reached the Cached la Poudre, at Laporte, I heard itro- 
marked that tliis stream now, and for a few years past, has been sending 
down a larger volume of water than it formerly did, I thought little of 
the matter at the time and let it pass, simply noting the statement. 
But when I reached the next stream in our journey south, the same thing 
was repeated in regard to other streams in that section. And to confirm 
the statement certain streams were pointed out, which, up to about 1SG2, 
had been in the habit of drying up annually at certain points, which 
since that time at these points have been constantly running. This 
caused me afterwards, during the whole length of our journey along the 
eastern flanks of themountains, to make thisa special subject of inquiry. 

And somewhat to my surprise, I have found the same thing repeated 
at almost every point as far south as Las Vegas, in New Mexico, and no 
opposing testimony. Streams bearing down heavier volumes of water 
than formerly ; others becoming constant nmners which were formerly 
in the habit of drying up ; springs bursting out at points where formerly 
there were none ; acequiaia allowed to go to decay because they have 
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not been needed, &c. Even the Arkansas, as laj:e as 1862 and 1S63, 
waa dry, from Pawnee to tlie Cimarron crossing, but such a thing hits 
not been known since. Seven or eight years ago it was not uncommon 
for the Pecos to dry up, but now such a thing would be looked upon as 
a strange event. And, in building Denver, a mistake was made in rely- 
ing upon the dry bottom of Cherry Creek, which shortly afterwards 
sent down a rush of water to warn them of her slumbering powers. Ifot 
does this wholly exhaust the testimony on this point, for, in addition 
thereto, is the uniform assertion of those who have resided iu the Terri- 
tory for ten or twelve years or moi-e, that for six or seven years past 
there has been a gradual increase of rain. It is a common expression of 
the Mexicans and Indians that the Americans bring rain with them, 

All this, it seems to me, must lead to the conclusion that since the 
Territory has began to be settled, towns and cities built up, fei-ms culti- 
vated, mines opened, and roads made and traveled, there has been a 
gradual increase of moisture. Be the cause what it may, uidess it is 
assumed that there isacycle of years through which there is an increase, 
and that there will be a corresponding decrease, the fact most be ad- 
mitted upon this accumulated testimony. I therefore give it as my firm 
■ conviction that this increase is of a permanent nature, and not periodi- 
cal, and that it has commenced within eight years past, and that it is in 
some way connected with the settlementof the country; and that, as the 
population increases, the amount of moisture will increase. 

It may be objected that the population bears so small a proportion to 
the extent of the country, that it is unreasonable to suppose it could 
have any influence on the climatic conditions. I admit the force of the 
objection, but at the same time the facts stand out too boldly and clearly 
to be passed over, and the coincidence is so striking, that, until the pecu- 
liar conditions surrounding the matter have been carefully studied, the 
objection ought not to be pressed. That there are peculiar conditions 
connected with the section of country under consideration, cannot be 
denied. Hence to know the effect the introduction of an active popu- 
lation will have upon the hygrometric conditions of this country, these 
peculiarities must be carefully studied. I believe that the great problem 
of settling the plains, if erer solved, must be done by commencing with 
the eastern slope of the Eocky Mountain range and gradually moving 
eastward. This is the plan which nature herself has pointed out. The 
perpetual snows of the great central axis are the sources of the various 
streams which rush down upon the margin of these plains, but chiefly 
sink in their effort to cross it. Let the i>opulation gather axound the 
points where these burst from the mountains, and as it increases push- 
ing out on the plains eastward, and I believe the supply of water will 
accompany it. 

If this theory is correct it is worthy the attention not only of the 
scientist but of the citizens and authorities of the Territory, and also of 
the national government. A railroa^l line running along this eastern 
slope north and south would doubtless give an impetus to the settle- 
ment of this part of the Territory exceeding all that the lines crossing it 
at limited points (though necessary) can possibly do. It would set the 
great power in motion which, moving onward, would ultimately bring 
into use that vast body of land which by common consent has been con- 
signed to perpetual inutility. 

Such a theory may, and doubtless will by some, be considered chi- 
merical, but before it is condemned some eftbrt to confirm or refute the 
testimony given ought to be made. And I volunteer the suggestion 
that it would be well for the government to make a small appropriation 
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■with -which the Commissioner of Agricultnre could send out an agent to 
investigate this matter more thoroughly. Even should a more thorough 
examination overturn and reverse the testimony I have adduced, his 
labor need not be lost, as he could, while proceeding with this, gather a 
host of fticts in regard to the agricultural capacity of our Territories,. 
which would be of great value to the stream of emigrants pressing west- 
ward from the States, 

I am aware the present season has been an extraordinarily wet one ; 
but I have carefully endeavored to prevent its leading me astray, always 
extending my inquiries to a series of years, and calling attention to the 
unnsnal amount of rain this year, that it might not unduly warp the in- 
formation received. 

The excess of rain during this season X find has been felt most sensi- 
bly north of South Platte and between the llaton Mountains and Las 
Vegas. In the latter section there are some creek valleys w;here the 
rain last season was so excessive as to injure tbe crops, aa, for Instance, 
the Eayada. And the present year, crops m many valleys not furnish- 
ing water for irrigation have been and are maturing finely, as the 
beautiful one in which Port Union is situated, which is as fresh and 
green as the banks of tbe Susquehanna. 

Hail-storms are of not nnfrequent occurrence during the summer, and 
sometimes do considerable injni'y to the growing crops. Ihave frequently, 
during our passage through the country, noticed fields of corn torn into 
shreds. But, as a matter of course, these storms are always quite 
limited in their extent. 

POPULATION. 

Colorado is pre-eminently a mining country ; its mineral wealth having 
recently brought within its bounds most of its present population. 
Eagerly searching after the metallic riches which lie buried in its rugged 
mountains, but little attention has been paid to the cultivation of the 
soil. Therefore the data from which to draw conclusions, in regard to 
the adaptation of its soil and cUmate to the growth of any particular 
cereal or fruit, are very meager. Yet enough is known to show thak by 
proper cultivation, this Tetritoiy will produce as fine and as abundant 
crops of wheat and oats as the most jhvored section of the Union ; and 
that the western border of what was once designated "The Great 
American Desert " will, at no very distant day, present its broad fields 
of golden grain. This is no wild fancy of the brain, but the inevitable 
result of the march of events now rapidly moving onward. That the 
high anticipations of the most sanguine will be fully realized I do not 
claim, but the derogatory reports of disappointed fortune-seekers will, 
ere long, be disproved by a multitude of experiments. .1.14, 

At this time not more than one- fifth or, as some contend, one-eight ol 
the popidation of the Territory ate actually engaged in agriculturalT.nr- 
Buits, the great portion being in some way connected with the mming 
interests or business arising out of them. But the one must draw the 
other—those who mine must eat— and the heavy expense of bringing 
food from the States is working out its own cure. The necessity for 
moving forward the agricultural interests of the country are being telt 
and acted on. A territorial fair has been in operation for a few^ years, 
and is exciting considerable intei'cst among all classes of citizens. 
Even while I am writing this portion of my report the annual fair is m 
progress at Denver, which, I very much regret, I hjive been unable to 
attend, but I wiU endeavor to ascertain all of general inter^t connected 
there wi^. 
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Of the cereals, wheat, oats, barley, and corn, grow readily and pro- 
duce very good crops, when properly cultivated and irrigated, 

Wheat grows weU throughout the length of the Territory, north and 
south, and even as far south as Bernalillo, in New Mexico. So far as I 
have seen, and can ascertain, the following portions of these territories 
are the hest wheat-producing sections, viz : the creek valleys north of 
South Platte; the South Platte and Arkansas valleys in Colorado; and 
in New Mexico, the More and Taos valleys, and the south end of San 
Luis Park, Besides these, there are, as a matter of course, valleys which. 
will produce as fine wheat a-s those named, but these are the most ex- 
tensive. The Platte VaUey alone can supply. If made io yield all it is 
capable of yielding, the whole of Colorado with all the wheat necessary 
for her present population. And I am informed by Colonel Charles 
McClnre, of Santa F6, that the Taos Valley can be made to produce 
sufBeient wheat to supply the entire demand of New Mexico. Until a 
better method of cultivation is introduced than the rude plan of the 
Mexican population, the capacity of the latter Territory will not be 
known. But, as I design considering the agriculture of the other sec- 
tions of Colorado and New Mexico separately, I will confine myself to 
those portions of the former Territory now under consideration. 

With the exception of two or three fields, spring wheat is the only 
kind raised. But this is not so much because winter wheat fails as it 
is owing to the difficulty of preparing the ground in the fall for sowing 
winter wheat, the ground being so dry and hard that it cannot be- 
plowed. And if an attempt is made to soften it by irrigation, the ex- 
perimenter soon learns that while one portion of his ground is scarcely 
moistened below the surface, the other portion is a mass of soft mud. 
But at any point from Clear Creek south, where sufficient rain happens 
to Ml at the right season to moisten the ground, winter wheat sown 
produces a fine yield, and, as a matter of course, ripens much earlier 
tliau the spring wheat. 

The usual time of sowing is Mareh and April, though sometimes farm- 
ers, even as far north as the Platte Valley, succeed in getting their wheat 
in auring the month of February, yet the greater portion is sown in 
April. Singular as it may appear, when we notice tlie difference in lati- 
tude between Cache il la Poudre and Santa Fe, yet it is a fact that the 
harvest season comes on later in the vicinity of Los Vegas, Sante F^, 
Taos, and San Luis Part, than it does- in the northern section of Colo- 
rado. During the present season, I see from my notes taken as we 
passed through the country, that wheat was cut in the vicinity of Den- 
ver between the 25th of July and 10th of August, and at Cache h la 
Pondre a few days later, while at Los Vegas harvest came on the 
latter part of August, and in the Taos Valley it was as late as the 18th 
of September, and in San Luis Park some wheat is yet standing, (Sep- 
tember 33,) althongh the frosts set in as early as the 12th of this month. 
I am unable, at present, fully to account for this, but suppose it is chiefly 
attiihutable to the cold winds from the surrounding mountains and the 
cold nights. The average harvest time, in the sections of Colorado under 
consideration, may he set down about tiie 10th of August. 

The amount grown per acre often reaches forty and fifty bushels, aud 
there are some well-attested instances where thfe yield has been as much 
as seventy bushels. Mr, W. B. Thomas, associate editor of the Eocky 
Mountain News, who made, during the harvest of 186S, an extended 
examination of the crops in most of the valleys of eastern Colorado, es- 
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timatea the average yield at twenty-eight bushels per acre. In this es- 
timate, tiie absolute return when measured is the criterion, no allowance 
being made for bad culture, losses, &c. From a careful examination of 
his figures, and his method of obtaining the data upon which they are 
founded, as well as from the personal inquiries I have made while pass- 
ing through the territory, I am satisfied he does not exceed the true 
average, but rather falls below it. Where proper care is given to this 
cereal, and it reaches maturity without serious damage from the destrue- 
tive grasshopper, or other agency, a yield of thirty-five bushels per acre 
may be expected. , , , » i j j. 

From his report for that year, which has already been forwarded to 
the Commissioner of Agriculture, in connection with a short report on 
the agriculture of the northern section of Colorado, it appears that the 
wheat returns from the various valleys of Eastern Colorado foot np (iii- 
cluding estimates of the valleys omitted) nearly thirty-five thousand 
bushels. At an average of twenty-eight bushels, this shows that about 
twelve thousand five hundred acres were sown in wheat in 1868. K any 
statistics for 1860 are brought out by the present fair, I wUl try t* ob- 
tain them in time to append them to this report. Most of this wheat 
has been grown on the creek bottoms, yet I have no doubt but that the 
ridges, or uplands, within teach of irrigation, wiU yield as heavy crops 
as the bottoms, and, as shown by experience as well as theory, would 
ripen some eight or ten days earlier. 

All the varieties which have been tried appear to grow well and to 
bring out then- several peculiarities. But those chiefly sown are the 
■ChUe, Siberian, White Sonera, Blue Stem, Canada Club, and Egyptian or 
Seven-head. The White Sonera is most prized on account of the beau- 
tiful white flour it makes, and its heavy yield, though it does not weigh 
as much to the bushel as some other vai-ieties. In New Mexico, the 
Mexicans have but two varieties, the "areno bianco" or white wheat, 
and "areno nigra" or black wheat; the white wheat corresponding 
very nearly with the White Sonora. The measured bushel of Colorado 
■wheat, if well cleaned, will weigh from sixty-two to sixty-four pounds as 
an average. But in comparing this wheat with that of the States, it 
must be remembered that the grain is perfectly dry, having been raised 
by irrigation, and as a matter of course having received no moisture on 
the eai'. In this respect it corresponds with the California wheat, re- 
quiring to be moistened before grinding. Therefore a given bulk or 
weight of this wheat wiU yield more flour than the same bulk or weight 
of wheat from the States. „ , ,^ . 

I think I am justified hi saying that no part of the Union can pro- 
duce better flour than Eastern Colorado, in respect to its clear, peariy 
whiteness, richness in gluten, and ease with which it is converted mU> 
bread ; and, like the flour of the Pacific Coast, it will doubtless bear 
transportation to any part of the worid without damage from chmatic 
influences, , ,„ -^ j »^ 

As the expedition happened to pass through the Territory difrmg 
harvest, I had a very good opportunity of comparing the information 1 
had received with the appearance of the wheat crop of the present year, 
from which I am satisfied the statements I have received are not exag- 
gerated. , , ,. 

The wheat crop, so far as I have seen it, is very good, and I suppose 
will be one of the heaviest ever known m the Territory, and this is also 
true of the piirt of New Mexico through which we passed. 

Although irrigation has some advantages, as that of removing fe^ ot 
drought, yet it also has its disadvantages, one of which is, that it does 
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not cause wheat and oats to ripen evenly in the same field. I have fre- 
quently Boticed fielda of these cereals where some spots were fully ripe, 
while others were yet quite green. But as the grains do not appear to 
shell out as easily here as in the States, this does not cause the same 
difficulty here as it would there- 
in order to give some idea of the time of harvesting wheat through- 
out the section over which the expedition passed, I will give from my 
notes the condition of the ci'op at several points, with the dates at which 
we passed those points. 

July 2. La-porte, on Cache h la Foudre. — ^Wheat in bloom. Har\'eatiiig 
generally takes place here about the Ist tfl 10th of August. 

July 7 to 15. Mslter^s Batwh, on Clear Creek, four miles from Denver. — 
Along the valley of this creek and that portion of Platte Valley in the 
vicinity, the farmers are cutting wheat, though the fields appear to be 
ripening very unevenly. Crops excellent in appearance. 

Atu/ust 6. South iank of Platte, near the mouth of Plum Creek, — Harvest 
just ended ; standing shocks indicate a very heavy yield. 

Attgust 8. On tlie north slope of tlie Pivide near West Plum Creek, — 
Harvest nearly closed; some wheat and oats yet standing. 
. Angmt 9 to 13. ColxyraMo City. — The farmers in the ■vicinity of this 
place in the midst of the wheat' and oat harvest, both these cereals ap- 
I)earing to ripen simultaneously here. 

August 16. On the bank^ of Arkansas, five miles south of Camn City. — 
Wheat harvest along the banks of this stream appears to have closed 
at least two weeks past, the weeds almost hiding the stubble. 

August 17. A few miles west of tlie Arkansas Miver, beldnd the first high 
ridge. — Saw the farmers cutting wheat. 
August 21 to 23. IFrkiidad. — Wheat harvest in progress. 
Aiigust 24. Bichard Wooton's, on Eaton Mountains. — Farmers cutting 
wheat. 

August 25. Bayada, Ifew Mexico. — Wheat harvest is over, having closed 
about a week previous to out arrival. 
September 2 to 5. Las Vegas. — Wheat harvest in progress. 
September 17 and 18. T<ms. — Wheat harvest in progress in this valley, 
September 21. San Luis, on tlie Bio Culebra, Colorado. — ^Wheat not ^1 
cut. 

This record presents the strange fact that at the southern exti'emity 
of our route, the harvest season comes in later than at the north 
part of Colorado. But it should be home in mind that this route was 
limited to a narrow line along the immediate base of the mountains ; a 
similar record of a line further east might present a very different state 
of facts, hut I have no data upon which to found a comparison. 

Oats are grown with ease, and yield abundantly wherever they have 
been tried in the Ten-itory ; in feet there is no part of the Union where 
heavier crops of oats can be produced than here. Instances are reported 
where as high aa one hundred and twenty-five bushels have been raised' 
to the acre, but these are extreme eases, I have ascertained quite a 
number of instances where the yield reached Irom forty-eight to fifty- 
five huahels ; and these not little garden patches which received extra 
cai-e to report to fairs and societies, but crops taken fix)m extensive 
farms under ordinary culture : in one instance from an aggregate of 
7,000 bushels, in another 5,000 bushels, actual measurement. "Volun- 
teer" crops will come up year after year from the seed scattered during 
the previous harvest. 

The statistics gathered by Mr. Thomas give an average of thirty-five 

bushels for 1868. The aggregate amount of this cereal raised in the 

10 as 
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Territory tor that year exceeded tLat of wheat, but fi-om my observa- 
tions I am inclined to the opinion that for 1SC9 the wheat crop will be 
the larger of the two. 

The soil and climate of Eastern Colorado seem to be well adapted to 
the growth o£ barley, which, so i'ai' as it has been tried, yields a bounti- 
ful retam for the labor bestowed upon it. But the demand has not been 
sufficient to induce the fermers to grow it extensively. 

In regard to rye my information is defective, but from all the infor- 
mation i conld gather in regard to it, I do not think it yields as good 
crops as the other cereals named. I have seen but very few flelds dur- 
ing the course of our journey this seasou, and even these presented an 
inferior appearance. 

I find, since I have made a more, thorough examination of the corn 
crops south of Platte Valley, that I was somewhat miatalieu in the 
opinion I expressed in the report of the northern section of Colorado, 
forwarded through General J. A. Logan to the Commissioner of Agricul- 
ture. I there advanced the opinion that the statistics ot the sonthem 
portion of the Territory would show a considerably larger yield than the 
northern section, but actual examination has shown me that the portion 
over which our expedition passed possesses few if auy advantages as a 
eorn-growing region, over the section north of the South Platte. From 
the Cache k la Poudre to Santa P4 I found, with very few exceptions, 
but one variety, the Mexican, presenting in the field a very great eimi- 
larity. Although moderate crops can be produced in almost eveiy tilla- 
ble portion of Eastern Colorado, yet I must admit that it Mis far behind 
the Mississippi Valley as a corn-producing section. Mr. Thomas gives 
the average yield as twenty-five bushels, and, contrary to my first im- 
pression, I now think this estimate is very near correct. The best fields 
I saw in the course of our journey were on the Arkansas, a short dis- 
tance below CaSon City, and near a little village a short distance north 
of Santa F^, named Santa Cruz. But even these I do not think would 
yield more than thirty or thirty-five bushels to the acre; possibly they 
may reach forty as the extreme. I know it is contended by some that 
the valley of the Platte can produce as heavy crops as the States; but if 
this has ever been done, the instances are rare and cannot be relied upon 
in fixing a general average. And this com is, when produced, of an inte- 
rior qnaUty. 

I have no desire to underrate the agricultural capacity of the Terri- 
tory in the least particular, but must state my firm convictions reached 
under the most favorable circumstances. 

It may be that by carefnl experiments some varieties may be found 
which will prove adapted to the soil and climate, but I think there are 
dimatie obstacles in the way of growing this cereal which cannot be 
overcome. But it should be remembered these remarks apply only to 
the sections lying along the eastern base of the Eocky Mountain Eange. 
In this part of the Territory and in San Luis Park the nights are. very 
cold even in the warmed part of the season, and this, doubtless, rfctards 
the -growth. Besides this, the frosts set m early and prevent those 
varieties from maturing which require a greater length of time to com- 
plete their growth. 

But, as betbre intimated, there are some lacta connected with the 
maturing of cereal creps in this country which cannot be satisfactorily 
explained until the climatologyhas been more thoroughly studied. Per- 
haps when the botany and topography have been more thoroughly worked 
up, it may aid in explaining these anomalies, for such they certainly 
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VEGETABLES AJSD FRUITS. 

Irish potatoes seem to be perfectly "at home" in Colorado, growing 
reatlily and abundantly, except in the extreme southern portion, and 
even here, until we pass the line into New Mexico, quite good crops are 
raised. Kot only does this tuber grow well in the valleys east of the 
mountain range, but even far up in the narrow defiles nine and ten 
thousand feet above the level of the sea, whei-ever space and soil can be 
found, they yield quite bouutifnl returns to the labor bestowed upon 
them. The northern section, from Box Elder to the South Platte Valley, 
I thiut is decidedly the best potato region west of the Mississippi and 
east of California; not only in regard to the amount of the crop raised, 
but also in respect to the quality of the tuber. 

The first new potatoes we met with large enough to eat were at South 
Boulder, July 6. Even at this early date in the season they were of quite 
good size, rich. and mealy. Their rapid growth in very favorable ajrots 
sometimes causes a defect, which is also occasionally seen in the Western 
States — a vacant space in the center, lined with a dark internal shin. 

No finer region tbr keeping this vegetable through the season can be 
found than Colorado; its pure^ dry atmosphere renders it easy to keep 
" them perfectly sound the entu'e year ; so true is this, where proper 
care has been taken, that when cooked it is often impossible to distin- 
guish the old crop from the new. 

Some of the iinest patches I saw growing were along the margin of 
Oleai' Creek, between Denver and Golden City, where the stream bursts 
its way through the lofty mesas which here flank the mormtain range. 

Onions grow finely, except in the extreme northern part of the Terri- 
tory. The Mexican variety, which is found south of tiie Divide, gix>w8 
to a very large size, one having been measured by Mrs Colonel Hart, at 
Tort Garland, whose circumference was seventeen and a half inches; 
very often they are found weighing two and three pounds. 

As we approach New Mexico, going south, they have the finest and 
mildest flavor of any onions I have ever tasted, which seems to be pecu- 
liar to the climate and sod of this country, for when they are taken from 
here and planted in other sections, although they may grow well, they ap- 
pear to lose this peculiar flavor. I was informed at Las Vegas that both 
seed and onions had been sent to the States, and that, in every case, such 
had been the result; hence, it is supposed that this delicious flavor is 
I>eculiar to this country. 

Tarnips and cabbages also grow quite well throughout the arable por- 
tion of the Territory, and especially in the northern section. .Instances 
have frequently occurred where they have grown to almost fabulous size. 
The former grows well and produces quite abundant crops even in the 
Uttle valleys far up in the mountains. 

Beans are raised in considerable quantities in the southern portion of 
the Territory, and are much used. But they are subject to tilie attack, 
of a small insect, probably a species of Saltica, which often does much 
injury to the crop. Although I did not have an opportunity of seeing 
this insect, yet I saw some garden patches in Santa F6 whidU had been 
literally riddled by it. 

In regard to fruits, I am not able to speak positively, as sufficient time 
ha-s not elapsed since attoution has been turned to them to complete the 
experiments which are being made. But from all the indications attend- 
ing these experiments there is good reason to believe from Platte Valley 
south all the hardier, and perhaps other fruits, may be grown success- 
fully. Quite a number of orchards have been planted in Platte Valley 
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and the valley of Olierry Creek, on the north aide of the Divide ; also, 
some in the valley of the Upper Arkansas. The chief trouble in the 
northern portion appears to be that the young trees are winter-killed. 
But, doubtless, this may be prevented by molching, -which does not ap- 
pear to have been properly attended to. On the Arkansas, a short dis- 
tance below Cailon City, I saw a young orchard, on the farm of Mr. J. 
T. Smith, where the trees -were growing finely. Among them I saw 
some peach trees which have commenced bearing this season, the fourth 
from the seed. The apple trees are growiug finely, aud so far, have had 
no protection during the winter. There are quite a number of varie- 
ties, all appeai-ing to be doing equally weU. The pear trees, also, are 
in excellent condition, but the dwarfs appear to be growing the same as 
t^e standards. 

Here i also saw watermelons, citrons, &c., growing to a good size. 

1 was informed by Mr. Smith that he had transplanted to liis garden 
from the mountains the native currants, gooseberries^ and raspberries, 
but that the experiment proved a failure, the bushes not growing well 
and bearing no fruit These native varieties appear to be adapted only 
to the mountains. It is highly probable that if they were taken east 
aud planted in the mountains the experiment would prove a success. 

The wild strawberries found in the mountains of this Territory, though 
small, have the moat delicious flavor of any that I ever tasted j they ripen 
about the latter part of July. 

Timber for building, fencing and other purposes is a great desider- 
atum in majiy portions of the couutrj'. Yet considerable quantities of 
pine are found on the hills which occasionally traverse the plains, aud 
on the foot-hills which fiank the mountains. 

Purilier up in the mountains an abundance of this timber of a very 
good size and quality can be obtained to supply the present need. And 
as in tliese situations watei'-power is always close at hand, it can readily 
be converted into lumber by saw-mills at a comparatively moderate 
cost Although there are some scrubby species of oak found in the 
limits of the Territoiy, yet in the eastern part there is none of sufficient 
size to be of use for domestic puriwses. In our journey southward the 
first oak I observed was during our ascent of the northern slope of the 
Divide. Along the larger creeks moderate quantities of cottonwood of 
medium size are found. Sometimes this is seen as much as two feet 
through, but as a general thing it is of rather small size. 

While Colorado possesses all the iron ore and coal necessary for the 
purposes for which these may be used, and snfBcient soft timber to sup- 
ply the mountain districts and sections under consideration, yet there 
is an entire lack of the harder wood necessary in the manufacture of 
agricultural and other implement-s. This, unless it can be grown, must 
always be supplied &om other sections. 

One advantage this Territory possesse sover many other portions of 
the Union is the facility -with which the most excellent roads c^ be 
made. The natural soil in the streets of Denver forms a better 'pave- 
ment to day than any of the artificial pavements of the cities of the 
Eastern States. Being a coarse silieious saud or fine gravel it forms a 
road equal to the best macadamized. In some of the finer sandy bottoms 
in the creeks in, the extreme southern section sometimes the roads 
become heavy. Even in the mountain districts I have been astonished 
at the easy ascent of the passes, through the most rugged-looking ridges. 
Along the Union Pacific railroad as far up as Cheyenne there are but 
very few cuts and none of any considerable depth. And on the road 
from Denver back in tlie mountains to Georgetown there is but one 
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steep point, and even at this, by a little trouble and moderate outlay, 
a good road could be made with a very moderate grade. Along the 
eastern base of the mountains from Cheyenne to Sa-uta F6 there is not 
a difficult point to pass, the road over the Divide and Eaton Moun- 
tains being no icore difflcult than ordinary hills in the Eastern States. 
The road from Saaita Fe to the San Luis VaUey or Park is very rough 
and difflcult for wagons, and the same is trne of the north side of the Pon- 
cho Pass, but with these two exceptions the roads to and &om, as well 
as through ^e San Luis and South Parks, are very good and easily 
traveled with wagons. And for the bene&t of those who desire to travel 
over any of these routes and camp I may remark that water is to be 
fonnd at suitable points throughout the entire length of the Territory. 
At a few points, where the road i-ecedes from the mountains, difficulty 
maybe experiencedinobtaining wood, but such places are few, and proper 
precaution during the day's travel to secure a supply will prevent all 
difficulty, 

IRltlGATION. 

With a very few exceptions irrigation is necessary throughout Colorado 
and New Mexico. There are some points on the slopes of the Divide 
and in the mountain districts where the moisture attbrded by rains is 
sufficient to supply the crops; and, as I have heretofore remarked, for 
the past two yearsj at some other points irrigation has been unnecessary, 
but, as a m!e, it is necessary throughout Colorado, and in making up 
estimates of the expense of farming in this Territory this item should 
always be counted. 

This necessity is generally classed among the drawbacks to the 
agriculture of thesfe territories, but there is some doubt as to the 
correi^tness of this conclusion, for, when we take into consideration the 
fiict that where rain is de^WDded upon there are frequently great losses 
incurred because of dry seasons, the question arises, " Is the loss by 
drought greater or less than the cost of irrigation F The decision of 
this question must decide the point as to whether irrigation is really a 
drawback or not. That it is inconvenient and imposes a hardship upon 
the farmer of limited means, at the opening or settling of bis tarm, is 
true. But when his primary ditch is completed, if properly made, he 
may feel himself forever secure from loss through drought. 

As heretofore stated, the streams of eastern Colorado, north of the 
South Platte, which run from the mountains into the latter stream, ha\ e 
a rapid fall, varying from ten to fifty feet to the mile- Oonsequeutiv it 
is easy to turn the water into acequiaa or ditches, and requires but a 
short run to carry it to any moderate height. 

And as the terraces of this section which flank tlie creek bottoms 
seldom rise higher than fifty feet above the creek level, generally twenty- 
flve to thirty, they can be irrigated by acequias of moderate length; in 
fact, I am satisfied that there is but a small quantity of land between 
Cache a la Poudte and South Platte which cannot be irrigated. And 
when fiiese terraces have been irrigated and cultivated for a few years 
I feel confident that the soil on them will prove as productive as that of 
the bottoms. 

I understand that the rule for the fall in these irrigating ditches is 
oncifourth of an inch to the rod, and that this carries the water over 
the soil with sufficient rapidity to prevent its being absorbed. 

After crossing the Platte southwaid to the Divide and along the 
Platte valley, ditehing is much more expensive than in the northern 
section, as the streams have much less fell, and the sod absorbs the 
water more rapidly. 
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Between the Divide and the Eaton Mountains along the valleys of the 
Arkansas and its branches, the lands can be irrigated with moderate' 
cost, though the streams are not ao rapid as those in the northern 
section. In this part of the TeiTitorj', as well as immediately north of 
the Divide, the land between the sti-eams does not assume such regulai' 
terrace forms as those north of the Platte, 

Ditching at present is generally done by plowing and throwing out 
the dirt, except where very large ones are required. The process is 
also often fitcilitated by using a scraper. Butdoubtlessditchingmachines 
will soon be introduced. 

The largest aeequia 1 loiow of in Colorado is near Denver, on the 
south side of Platte Eiver. It is several miles in length, and cost 
about $14,000, and irrigates quite a number of farms. 

The cost, when estimated by the number of acres irrigated, is much 
lessened by several farmera uniting and making one large ditch suffi- 
cient to supply the farms of all entering into the combination. The 
smaller side ditches, which lead off to the various fields, are made with 
the plow, and hence the cost of these is but nominal. 

There appears to have been but little improvement made in this part 
of agriculture for centuries past; and, in fact, it is susceptible of but 
little improvement. In my more extended report, which 1 expect to 
prepare during the wiuter, I propose to take up this subject of irriga- 
tion more fully, as it seems to haug somewhat as an incubus over west- 
ern agriculture, at least in the minds of those living in sections sup- 
plied vdih. rain. Yet when it is consider^ in that broad view corre- 
sponding to the vast extent of our country, it will be seen that it is one 
item in the series of variety necessary to the complete prosperity of 
the nation — one link in the grand chain necessary to render us inde- 
pendent as a nation. 

One advantage of irrigation, which will occur to the mind of any 
one, is that the cixip can be watered whenever it is needed. But at the 
same time irrigation has some disadvantages which are not apparent 
until shown by experience. One of these is that the crops do not re- 
ceive exactly equal portions of water throughout the same field, and, 
consequently, do uot ripen evenly. I have seen fields of wheat and 
oats presenting every variety of condition in the same field, from quite 
green to very ripe. Every farmer will at once i>erceive the difficulty 
arising from such a condition as this. It might be supposed that when 
the fields have been overflowed for some days with water, the land, after 
the water was drawn off, would assume that condition termed "baked;" 
but nature generally furnishes a counterpoise to all her apparent aber- 
ration; and, following this rule, she has here suited the soil to the cli- 
matic conditions, and hence this anticipated state does not follow im- 
gatioB. 

I made an effort to ascertain what the average cost of ditching is to 
the acre, but found it next to an impossibility to do this. The difference 
in the nature of the ground at different jjoints^ the uncertainty in regard 
to the price of labor, the difference in the sizes of the ditches, would 
render an average, if it could be obtained, worthless. 

i 
DKAWUACKS. 

As the want of water has already been somewhat fully considered, I 
will omit it here. 

The scarcity of timber for building, fuel, fencing, and other purposes, 
may very properly be classed as one of the drawbacks in this Terri- 
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tory — one -which very soon strikes the traveler passing through the 
eastern section. And this applies to all the sections into which I have 
divided the country, except the mountain district. 

The amount of eottonwood and hox elder found along the hanks of 
the Btreajjjs is quite small, consiating generally of very narrow fringes 
along the immediate borders of these streams. This is inferior timber 
at best, and can afford a supply but for a short time, even when we 
tate into consideration the fact that many of the houses are built of 
adobes. The mountains are generally clothed with a growth of pines, 
but these are often of a very inferior character, especially along the east- 
ern elope nearest the arable lands. But as we penetrate further into the 
mountains, these are of a better quality, and eaw-mills are being erected 
in the interior of the mountain districts which at present are furnishing 
a supply of lumber at comparatively moderate prices, as water-power is 
easily obtained along the little creeks. But even here, notwithstanding 
the repeated assertions to the contrary, I do not think the supply inex- 
haustible. The rapid increase of the mining operations and population 
in the mining sections, which are in the heart of the pine regions, is 
rapidly consuming, for building purposes, fiiel, &c., the pines around 
these points. And the numerous fires which occur herCj and sweep up 
the mountain side with a wild fury, like that of a burning prairie, are 
destroying vast quantities of this timber. Even now we can scarcely 
travel a single mile along the mountain canons where we do not see the 
slopes on either side marked by broad strips of burnt timber, which 
appear as somber spots on the otherwise beautiful scenery. 

I have no doubt but that this view will be controverted ; yet when we 
look at the broad expanse of untimbered lands which sweeps out east- 
ward from the mountaia base, and compare it with the timbered strip 
in reach, it is scarcely possible to arrive at any other conclusion. But, 
as 1 am now pressed for time, I will reserve the discussion of tiiis sub- 
ject for the more extended report I desire to present on the agriculture 
of Colorado and New Mexico. Even now, sawed lumber has frequently 
to be hauled for sevenSy-flve to one hundred miles, and even further; 
but the buUding of railroads wUl greatly reduce the expense of trans- 
portation. 

I bring this matter forward thus prominently wi order, if possible, to 
impre-ss upon the farmers and citizens of this Territory the great neces- 
sity of commencing at an early day the work of planting trees. It is 
cert.ainly one of deep interest to them, and every eftbrt should be made 
to induce not only farmers, but all who have lands and lots, to com- 
mence this important work. 1 am sorry to say that throughout our 
journey I saw but few houses surrounded by growing trees. 

In regard to the supply of fiiel, the difficulty of supplying this want 
will doubtless be met when the various coal mjnes are opened, and 
railroads traverse the country. But the supply of fencing material, at 
a reasonable rate, is not so easily met. To avoid expense on the larger 
farms, that portion intended for cultivation is generally inclosed under 
one fence, and con'als are made for the stock which is m use. And I 
have noticed some cases where two or three small farmers have combined 
and inclosed their farms under one fence. Around Denver wire fences 
are being introduc«d, and will probably prove cheaper than any other 
kind, unless hedges can be made. If this latter kind can be made, I 
think they will prove the best that can be adopted, not only for the 
same reasons urged in their favor in the prairie States, but also because 
tbey win assist in increasing the amount of moisture, and in drawing 
birds, thereby tending to decrease the grasshopper pest. 
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Another serious drawback to the agriculture of Colorado, as well as 
otber portions of the great trans-Mississippi plains, is the destraction of 
crops by the migrating grasshoppers. During some years, in different local- 
ities, these inspcts have proved very destructive, sometimes sweeping away 
in a few days the result of the hard labor of the farmer during an entire 
season. Yet I find, after a somewhat thorough examination, that in this 
Territory although occasionally very injurious, yet they ai-e by no means 
so destructive as has been represented. And, as has been the case this 
season, the papers of this western country often imprudently spread false 
alarms. This arises from a neglect to distinguish the larvse of the migra- 
tory species &om tUose that are merely local. I am satisfied that there 
is hutone migratory species — theCaloptentimspretum — ^which appears here 
in any considerable numbers. The Oedipoda coralipes (Hald.) is found 
at certain points in limited numbers, but I do not thinlc it ever proves 
destructive east of the mountains. 

I havenoticed during our trip the former species at various points as 
foUowS: 

On our arrival at St. Joseph, Missouri, June 17, we found them very 
abundant in the complete state, so much so that the lower parts of the 
walls of the hotel at which we stopped were literally covered black with 
them, and the hogs, which seemed to have learned the art of catching 
them, were enjoying a rich feast. I understood they had been moving 
for something over a week previous to the date of our arrival. 

At Omaha, Nebraskf.. the 18th of the same month, I saw none of them. 
It is true I did not go out of the city to examine, yet I think if they had 
been present in any considerable numbers I should have seen them. 

During our stay at Cheyenne, (from 21st to 38th June) I noticed them 
in considerable numbers, but in the larva state and scarcely half grown. 

At Bos Elder Creek, and Laporte, on the Cache a la Poudre, I saw none, 
although fmade diligent search for them; but when we arrived at Big 
Thompson, two days after, (July 3,) I found them quite abundant in the 
perfect state. From here to Clear Creek, Denver, but few were seen. At 
the latter place {July 7 to 14) I observed them m moderate numbers, just 
entering the pertectstate,butthe local species wererathermunerous, both 
in individuals and species. From here we passed westward into the Mid- 
dle Park (from ju^p 15to27) and all along the mountain valleys, alter enter- 
ing the first range, and in the park we found them in abundance in the 
perfect state, often rising, when the wind was prevailing, in large swarms 
and floating before the wind Hke huge flakes of snow. I traced them even 
up into the very midst of the eternal snows, gathering specimens from 
the cold surface; and, strange as it may seem, even above the snow, on 
the naked summits of the peaks, I saw the larvse of this species hopping 
about almost as lively as those on the plains. 

Alter crossing the South Platte, going south, although individuals 
were occasionally seen, yet at no place during the remainder of the 
journey were they seen in abundance. , 

One couclusion to be drawn &om the foregoing facts is that, even 
withm the limita of the eastern portion of the Territory, there are 
distinct local broods; for while they were abimdant and active, in the 
perfect state, at Big Thompson, July 3, yet, on Clear Creek, about a week 
later, they were undergoing their last moulting, and between these 
points scarcely any were found. 

Another important conclusion which I think we may di'aw from 
these facts is, that the mountain canons and valleys are the primary 
hives from which these vandal hordes issue upon their destructive mis- 
sion—important because it rendera the problem of counteracting them 
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more difficult of solntion. In many other sections where this pest was 
met at the introduction of population, the opening of fiirms, and bringing 
the soil under cultivation, &e., has gradually brought the destructive 
species down to their normal condition. But here, ss these mountain 
cafflons and slopes cannot be brought under cultivation, this counter- 
acting influence can never he brought to bear upon them. Yet, even in 
this case, nature has not left this evil wholly without a counterbalancing 
opposite. While she has made the mountain valleys and sides the hive 
from which her destroyers swarm, she baa hid within the bowels of these 
lofty ranges rich mines of gold and silver, to attract thither an active 
and energetic population. Through these the homes of this insect will 
be disturbed, and the primitive broods gradually destroyed. Hence 
while the mountains send down the evil, they contain the remedy. And 
like the little wave made by the pebble dropped in the lalce, which swells 
in proportion as it recedes until it dashes against the shore, so it ia with 
each counteracting effect within these mountain sections; it will be felt 
in increasing proportion along the whole line of their migration. 

I have been unable to ascertain with any degree of certainty the dis- 
tance they move in one season. I am aware calculations have been 
made on this point from data obtained on the eastern side of the plains. 
" What rehanee is to be placed upon these I do not icnow. 

STOCK RAISING. 

I cannot at this time enter upon the consideration of this very impor- 
tant branch of agriculture, for the reason thatlhave not as yet obtained 
all the data, necessary, and also, because I prefer to defer it until I pre- 
sent a report on the agricultnre of New Mexico. 

But I may now state generallj; that these Territories possess as line 
grazing lands as any to be found in the west. And although much stock 
■ israised here^yetthe amount falls far behind what it should. Many 
who are rushing back and forth from poiut to point along the Eocky 
Mountain range, seeking for rich lodes, would probably find much more 
gold if they would tsrni their attention to stock-raising. Kot only do 
the plains afford good pasturage, but grass of most excellent quaUty 
clothes many of the mountain slopes, and carpets the lofty mesa surfaces 
and elevated mountain vaUeys. On the top of the Divide, there is one 
of the most beautiful little grassy plains I ever saw, where a large herd 
of cattle or sheep could find rich pasturage. 

The finest butter and milk I ever tasted was obtained in South Park. 
So dehcious was the milk that the members of oiir party could scarcely 
satisfy themselves with it. 

There are abundant openings for industrious and energetic stook- 
raisera to make money following their occupation in tliis country. And 
for the benefit of such as feel an interest in this matter, I herewith give 
a synopsis of the laws of Colorado, respecting non-resident stock-owners 
Eevised St-atutes of Colorado, chapter 70. 

Section 1. Non-residents may herd stock in this Territory for one year 
by payment of fifty cents for each animal so herded, in lieu of all other 
taxes ; on sheep, twenty cents. 

Section 2. Non-residents desiring to herd cattle in the Territory, must 
file with the recorder of the county a certificate of the number and 
description of such cattle in the following form : 

Teeeitoet of Colorado, County, ss : 

" The undersigned, owner for agent of the owner, as the case may iej of 
11 G s 
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